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Selected Technologies 

Topic 
Primary Criteria1 

Safety Efficacy Cost 

1 Testosterone Testing High High Medium/High 

Policy Context/Reason for selection: High diffusion, concern for: limited evidence for 
benefit and risk levels, variable and inaccurate test results with unclear normal levels, high 
estimated treatment costs. 

2 Bariatric Surgery for Overweight/ Obese High Medium High 

Policy Context/Reason for selection:  Center for Medicare &  Medicaid Services (CMS) 
National Coverage Decision (NCD) is limited to morbid obesity with indications expanding 
into overweight categories. 

3 Imaging for Rhinosinusitis Medium High Medium 

Policy Context/Reason for selection:   Concerns:  usage expansion in low risk, high 
prevalence conditions increases radiation exposure, special consideration for children. 

4 Appropriate Breast Imaging for Breast Cancer 
Screening in Special Conditions 

Low High Medium/High 

Policy Context/Reason for selection:  Concerns include: new concerns for efficacy in special 
populations (e.g., high risk, dense tissue), high state usage. 

5 Tympanostomy Tubes Medium High Medium/Low 

Policy Context/Reason for selection:   Concerns include: variation in use of treatment 
across different populations (e.g., socioeconomic status), potential overuse in some 
populations, high state usage. 

1 Link to prioritization criteria. 

 

 

Technologies Considered, Not Proposed 

Topic 

1 CT for general abdominal and pelvic pain in adults and children 

Concern for special populations. Data indicates low utilization. 

2 Radiologic screening for carotid artery stenting in asymptomatic adults 

U.S. Preventive Services Task Force rating of ‘D’.  Concern for potential overuse of 
procedure. Very low usage. 

3 Insulin pumps for type I or type II diabetes 

CMS NCD for external pumps. No NCD for internal pumps. Low utilization. 

http://www.hca.wa.gov/hta/documents/prioritization_criteria.pdf
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Technologies Considered, Not Proposed 

Topic 

4 Renal stenting 

Concerns about effectiveness. Possible future review. 

5 High frequency chest wall compression devices 

High risk population(s). Low utilization. High-cost device. Limited evidence for some 
conditions. 

6 Specialty eye imaging for patients without symptoms 

Topic needs further definition through review of guidelines. 

7 Biologics for rheumatoid arthritis 

Further definition required. 

8 Platelet rich plasma injections 

Currently limited use, mixed evidence results. 

9 Hepatocellular carcinoma screening in chronic viral hepatitis 

Studies indicate efficacy may be adequate. 

 
 
Re-Review Technologies: 
Technologies are considered for re-review at least once every eighteen months based on availability of new 
evidence that may change the decision. (Detailed criteria are included below). All technologies with determinations 
beyond 18 months since the final determination previously reviewed by the health technology clinical committee 
(HTCC) are listed below, along with information on whether they have been selected for re-review. 
 

Topic 
Originally 
Reviewed 

Recommended  
for Re-review 

1 Pediatric Bariatric Surgery  
Surveillance conducted. Original evidence conclusions similar 
to more recent findings.  

August 2007 No 

2 Artificial Discs 
New literature, new indications beyond scope of original review for 
2 level cervical disc replacement.   

October 2008 No 

3 Spinal Fusion 
New literature identified that could change evidence findings/ 
original determination (bibliography attached). 

November 2007 Yes 

4 Spinal Cord Stimulators 
Surveillance conducted. New studies identified are not likely to 
change original determination. 

August 2010 No 

5 Vagal Nerve Stimulation 
Surveillance conducted.  

October 2009 No 
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For the current period, the program has not received or identified new evidence to support review of the 
following:  
 

 
Topic 

Date of Last Search  
or Re-Review 

1 Virtual Colonoscopy or Computed Tomographic Colonography February 2008 

2 Discography August 2008 

3 Arthroscopic Knee Surgery October 2008 

4 Implantable Infusion Pumps October 2008 

5 Computed Tomographic Angiography May 2009 

6 Cardiac Stents August 2009 

7 Bone Growth Stimulators October 2009 

8 Electrical Neural Stimulation November 2009 

9 Calcium Scoring May 2010 

10 Breast MRI October 2010 

11 Knee Joint Replacement or Knee Arthroplasty December 2010 

12 Routine Ultrasound for Pregnancy December 2010 

13 Vertebroplasty, Kyphoplasty, Sacroplasty March 2011 

14 Spinal Injections-Therapeutic June 2011 

15 Glucose Monitoring June 2011 

16 Applied Behavioral Analysis Therapy for Autism September 2011 

17 Femoroacetabular Impingement Syndrome November 2011 

18 Positron Emission Tomography Scans for Lymphoma November 2011 

19 Microprocessor-controlled Lower Limb Prosthetics March 2012 

20 Osteochondral Allograft / Autograft Transplantation March 2012 

21 Sleep Apnea Diagnosis and Treatment May 2012 

22 Bone Morphogenetic Protein May 2012 

 



Agency Medical Director’s Brief on Re-review of lumbar fusion for 
uncomplicated degenerative disc disease 
 
 
The prior HTA assessment of lumbar fusion was completed 11/16/07, with final 
determination updated on 2/15/2008.  The final literature search for that HTA 
review was conducted in August, 2007.  Only one included study was published in 
2007 (Martin et al, 2007), all other cited studies were published prior to 2007 
 
The studies included for KQ1 (does pain and function improve?) only included 
randomized trials, but no high quality or population-based observational studies for 
effectiveness were included.  For KQ3, on special populations, the vendor report 
excluded all existing studies on lumbar fusion in workers compensation, so the 
specific question related to that special population could not be answered.  
 
Hayes conducted a review of studies published July, 2007 through Nov 6, 2012. 
This review may have missed studies published earlier in 2007. The Hayes report 
points to an Agency for Healthcare Research and Quality report from 2011, and 
includes 4 more systematic reviews of efficacy or effectiveness.  The overall Hayes 
impression was a somewhat more positive view of lumbar fusion; Hayes did not 
conduct any in depth new assessment of safety or cost-effectiveness.  
 
We conducted an updated review searching for efficacy and effectiveness  studies 
published since the Hayes review end date of Nov 2012. We used key words: lumbar 
fusion; lumbar arthrodesis; outcomes; meta-analysis; randomized.  Several 
additional systematic reviews and meta-analyses of high quality RCTs pertinent to 
efficacy and effectiveness, one new prospective observational study  (Mirza et al, 
2013), and a longer term observational study of outcome of 3 of the RCTs included 
in original HTA (Mannion et al) have been published since the Hayes review: 
 
J Spinal Disord Tech. 2013 Dec 15. [Epub ahead of print] 

Lumbar Fusion versus Non-operative Management for 
Treatment of Discogenic Low Back Pain: A Systematic 
Review and Meta-analysis of Randomized Controlled 
Trials. 
Bydon M, De la Garza-Ramos R, Macki M, Baker A, Gokaslan ZL, Bydon A. 

Author information 
 
 

Abstract 
STUDY DESIGN:: 
Systematic review and meta-analysis of randomized controlled trials (RCTs). 

OBJECTIVE:: 
To evaluate the current evidence comparing lumbar fusion to non-operative 

http://www.ncbi.nlm.nih.gov/pubmed?term=Bydon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24346052
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20la%20Garza-Ramos%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24346052
http://www.ncbi.nlm.nih.gov/pubmed?term=Macki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24346052
http://www.ncbi.nlm.nih.gov/pubmed?term=Baker%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24346052
http://www.ncbi.nlm.nih.gov/pubmed?term=Gokaslan%20ZL%5BAuthor%5D&cauthor=true&cauthor_uid=24346052
http://www.ncbi.nlm.nih.gov/pubmed?term=Bydon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24346052


management for the treatment of chronic discogenic low back pain. 

BACKGROUND AND CONTEXT:: 
Discogenic low back pain is a common and sometimes disabling condition. When 
the condition becomes chronic and intractable, spinal fusion may play a role. 

METHODS:: 
A systematic review of the literature was conducted using the PubMed and 
CENTRAL databases. We included RCTs that compared lumbar fusion to non-
operative management for the treatment of adult patients with chronic discogenic 
low back pain. A meta-analysis was conducted to assess the improvement in 
back pain based on the ODI. 

RESULTS:: 
Five RCTs met our inclusion criteria. A total of 707 patients were divided into 
lumbar fusion (n=523) and conservative management (n=134). Although 
inclusion/exclusion criteria were relatively similar across studies, surgical 
techniques and conservative management protocols varied. The pooled mean 
difference in ODI (final ODI minus initial ODI) between the non-operative and 
lumbar fusion groups across all studies was -7.39 points [95% CI: -20.26, 5.47] in 
favor of lumbar fusion, but this difference was not statistically significant 
(P=0.26). 

CONCLUSIONS:: 
Despite the significant improvement in ODI in the lumbar fusion groups in three 
studies, pooled data revealed no significant difference when compared to the 
non-operative group. Although there was an overall improvement of 7.39 points 
in the ODI in favor of lumbar fusion, it is unclear that this change in ODI would 
lead to a clinically significant difference. Prospective randomized trials comparing 
a specific surgical technique versus a structured physical therapy program may 
improve evidence quality. Until then, either operative intervention via lumbar 
fusion or non-operative management and physical therapy remain two 
acceptable treatment methods for intractable low back pain. 
 
Spine J. 2013 Nov;13(11):1438-48. doi: 10.1016/j.spinee.2013.06.101. Epub 2013 Nov 
5. 

Comparison of spinal fusion and nonoperative treatment 
in patients with chronic low back pain: long-term follow-
up of three randomized controlled trials. 
Mannion AF, Brox JI, Fairbank JC. 

Author information 
 
 

Abstract 
BACKGROUND CONTEXT: 
Chronic low back pain (cLBP) represents a major challenge to our health care 
systems. The relative efficacy of surgery over nonoperative treatment for the 
treatment of cLBP remains controversial, and little is known of the long-term 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mannion%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=24200413
http://www.ncbi.nlm.nih.gov/pubmed?term=Brox%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=24200413
http://www.ncbi.nlm.nih.gov/pubmed?term=Fairbank%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=24200413


comparative outcomes. 

PURPOSE: 
To compare the clinical outcome at long-term follow-up (LTFU) of patients who 
were randomized with either spinal fusion or multidisciplinary cognitive-
behavioral and exercise rehabilitation for cLBP. 

STUDY DESIGN/SETTING: 
Long-term clinical follow-up of three multicenter randomized controlled trials 
(RCTs) of surgery (instrumented or noninstrumented fusion, stabilization) versus 
nonoperative treatment (multidisciplinary cognitive-behavioral and exercise 
rehabilitation) in Norway and the United Kingdom. 

PATIENT SAMPLE: 
A total of 473 patients with cLBP of at least 1 year's duration who were all 
considered candidates for spinal fusion. 

OUTCOME MEASURES: 
The primary outcome was the Oswestry Disability Index (ODIv2.1a for the United 
Kingdom and ODIv1 for Norway) score measured at LTFU. Secondary outcomes 
included visual analog scale (VAS) pain intensity, pain frequency, pain 
medication use, work status, EuroQol VAS for health-related quality of life, 
satisfaction with care, and global treatment outcome at LTFU. 

METHODS: 
Patients who consented to LTFU (average 11.4 [range 8-15] years after the initial 
treatment) completed the outcome questionnaires. 

RESULTS: 
Of 473 enrolled patients, 261 (55%) completed LTFU, 140/242 patients 
randomized to receive surgery and 121/231 randomized to receive 
multidisciplinary cognitive-behavioral and exercise rehabilitation. The intention-to-
treat analysis showed no statistically or clinically significant differences between 
treatment groups for ODI scores at LTFU (adjusted for baseline ODI, previous 
surgery, duration of LBP, sex, age, and smoking habit): the mean adjusted 
treatment effect of fusion was -0.7 points on the 0-100 ODI scale (95% 
confidence interval [CI], -5.5 to 4.2). An as-treated analysis similarly 
demonstrated no advantage of surgery (treatment effect, -0.8 points on the ODI 
(95% CI, -5.9 to 4.3). The results for the secondary outcomes were largely 
consistent with those of the ODI, showing no relevant group differences. 

CONCLUSIONS: 
After an average of 11 years follow-up, there was no difference in patient self-
rated outcomes between fusion and multidisciplinary cognitive-behavioral and 
exercise rehabilitation for cLBP. The results suggest that, given the increased 
risks of surgery and the lack of deterioration in nonoperative outcomes over time, 
the use of lumbar fusion in cLBP patients should not be favored in health care 
systems where multidisciplinary cognitive-behavioral and exercise rehabilitation 
programmes are available. 

 



Int J Rehabil Res. 2013 Jun 29. [Epub ahead of print] 

Lumbar fusion compared with conservative treatment in 
patients with chronic low back pain: a meta-analysis. 
Saltychev M, Eskola M, Laimi K. 

Author information 
 
 

Abstract 
We assess the effect of lumbar fusion (LF) in reducing disability among patients 
with chronic low back pain (CLBP) compared with conservative treatment and to 
weigh the clinical significance of this effect. We conducted a random-effect meta-
analysis on the basis of a systematic review with research quality grading 
according to Grading of Recommendations Assessment, Development and 
Evaluation (GRADE). The studies included were retrieved from MEDLINE and 
Cochrane CENTRAL databases from 1990 till January 2013. Randomized or 
nonrandomized controlled studies were included if the study participants had a 
history of CLBP because of degenerative spinal diseases and had been treated 
with LF. A study was included if it compared LF with conservative treatment. The 
outcome measure was a change in the Oswestry Disability Index (ODI) score 
during a follow-up. The meta-analysis included data on 666 patients (402 cases) 
who participated in four randomized-controlled trials. The ODI score reduced in 
the LF and the control groups. The mean reduction in the ODI score in the follow-
up of 1.5 years was -2.91 (95% confidence interval -6.66 to 0.84) in favor of LF. 
The difference between groups was statistically and clinically insignificant. Test 
for heterogeneity indicated that study imputation would favor LF but the imputed 
result would still be clinically insignificant with an estimated corrected reduction of 
ODI score of -5.51 (95% confidence interval -5.78 to -5.24). There is strong 
evidence that LF is not more effective than conservative treatment in reducing 
perceived disability because of CLBP among patients with degenerative spinal 
diseases. It is unlikely that further research on the subject would considerably 
affect this conclusion. 

 
Spine J. 2013 Nov;13(11):1421-33. doi: 10.1016/j.spinee.2013.05.047. Epub 2013 Jul 
23. 

One-year outcomes of surgical versus nonsurgical 
treatments for discogenic back pain: a community-
based prospective cohort study. 
Mirza SK, Deyo RA, Heagerty PJ, Turner JA, Martin BI, Comstock BA. 

Author information 
 
 

Abstract 
BACKGROUND CONTEXT: 
The clinical entity "discogenic back pain" remains controversial at fundamental 

http://www.ncbi.nlm.nih.gov/pubmed?term=Saltychev%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23820296
http://www.ncbi.nlm.nih.gov/pubmed?term=Eskola%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23820296
http://www.ncbi.nlm.nih.gov/pubmed?term=Laimi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23820296
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirza%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=23890947
http://www.ncbi.nlm.nih.gov/pubmed?term=Deyo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=23890947
http://www.ncbi.nlm.nih.gov/pubmed?term=Heagerty%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=23890947
http://www.ncbi.nlm.nih.gov/pubmed?term=Turner%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23890947
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20BI%5BAuthor%5D&cauthor=true&cauthor_uid=23890947
http://www.ncbi.nlm.nih.gov/pubmed?term=Comstock%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=23890947


levels, including its pathophysiology, diagnostic criteria, and optimal treatment. 
This is true despite availability of four randomized trials comparing the efficacy of 
surgical and nonsurgical treatments. One trial showed benefit for lumbar fusion 
compared with unstructured nonoperative care, and three others showed roughly 
similar results for lumbar surgery and structured rehabilitation. 

PURPOSE: 
To compare outcomes of community-based surgical and nonsurgical treatments 
for patients with chronic back pain attributed to degeneration at one or two 
lumbar disc levels. 

DESIGN: 
Prospective observational cohort study. 

PATIENT SAMPLE: 
Patients presenting with axial back pain to academic and private practice 
orthopedic surgeons and neurosurgeons in a large metropolitan area. 

OUTCOME MEASURES: 
Roland-Morris back disability score (primary outcome), current rating of overall 
pain severity on a numerical scale, back and leg pain bothersomeness 
measures, the physical function scale of the short-form 36 version 2 
questionnaire, use of medications for pain, work status, emergency department 
visits, hospitalizations, and further surgery. 

METHODS: 
Patients receiving spine surgery within 6 months of enrollment were designated 
as the "surgical treatment" group and the remainder as "nonsurgical treatment." 
Outcomes were assessed at 3, 6, 9, and 12 months after enrollment. 

RESULTS: 
We enrolled 495 patients with discogenic back pain presenting for initial surgical 
consultation in offices of 16 surgeons. Eighty-six patients (17%) had surgery 
within 6 months of enrollment. Surgery consisted of instrumented fusion (79%), 
disc replacement (12%), laminectomy, or discectomy (9%). Surgical patients 
reported more severe pain and physical disability at baseline and were more 
likely to have had prior surgery. Adjusting for baseline differences among groups, 
surgery showed a limited benefit over nonsurgical treatment of 5.4 points on the 
modified (23-point) Roland disability questionnaire (primary outcome) 1 year after 
enrollment. Using a composite definition of success incorporating 30% 
improvement in the Roland score, 30% improvement in pain, no opioid pain 
medication use, and working (if relevant), the 1-year success rate was 33% for 
surgery and 15% for nonsurgical treatment. The rate of reoperation was 11% in 
the surgical group; the rate of surgery after treatment designation in the 
nonsurgical group was 6% at 12 months after enrollment. 

CONCLUSIONS: 
The surgical group showed greater improvement at 1 year compared with the 
nonsurgical group, although the composite success rate for both treatment 
groups was only fair. The results should be interpreted cautiously because 
outcomes are short term, and treatment was not randomly assigned. Only 5% of 



nonsurgical patients received cognitive behavior therapy. Nonsurgical treatment 
that patients received was variable and mostly not compliant with major 
guidelines. 
 
 
 
In addition, a large number of studies of adverse events, primarily large 
population-based observational studies, have been published in the past year. 
Examples of some of these studies include:  
 
Spine (Phila Pa 1976). 2013 Dec 30. [Epub ahead of print] 

Cerebral Vascular Accidents Following Lumbar Spine 
Fusion. 
Marquez-Lara A, Nandyala SV, Fineberg SJ, Singh K. 

Author information 
 
 

Abstract 
Study Design. Retrospective cohort.Objective. In order to determine the impact of 
a cerebral vascular accident (CVA) following lumbar spinal fusion, a population-
based database was analyzed to identify the incidence, potential risk factors, 
hospital resource utilization, and the early postoperative outcomes.Summary of 
Background. A lumbar fusion (LF) is an effective surgical procedure to treat 
lumbar degenerative pathology. Although rare, a CVA can be a catastrophic 
event following a LF.Methods. The Nationwide Inpatient Sample (NIS) database 
was queried from 2002-2011. Patients undergoing an elective anterior lumbar 
fusion (ALF), a posterior lumbar fusion (PLF), or a combined anterior-posterior 
lumbar fusion (APLF) were separated into sub-cohorts. Patients with a 
documented postoperative CVA were identified. Patient demographics, 
comorbidities (CCI), length of stay (LOS), costs, early postoperative outcomes, 
and mortality were assessed. Statistical analysis involved T-tests, Chi-Square 
analysis, and binary logistic regression with p<0.001 denoting 
significance.Results. A total of 264,891 LFs were identified between 2002-2011 
of which 340 (1.3 per 1,000) developed a postoperative CVA. Patients with a 
CVA were significantly older and demonstrated a greater comorbidity burden 
(CCI). Patients with a CVA incurred a significantly greater LOS, total hospital 
costs ($41,454 vs $25,885), and a greater mortality rate (73.7 vs 0.8 per 1,000 
patients). Regression analysis demonstrated that age >65 years and a history of 
neurologic disorders, paralysis, congestive heart failure (CHF), or electrolyte 
imbalance were associated with an increased risk of a postoperative 
CVA.Conclusions. Patients who developed a postoperative CVA demonstrated a 
significantly greater incidence of postoperative complications, mortality, and total 
hospital costs. This study highlights important associated risk factors (e.g age 
>65, neurologic disorders, CHF) that may enable surgeons to identify high-risk 
patients prior to surgery. Further studies are warranted to characterize these risk 

http://www.ncbi.nlm.nih.gov/pubmed?term=Marquez-Lara%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24384658
http://www.ncbi.nlm.nih.gov/pubmed?term=Nandyala%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=24384658
http://www.ncbi.nlm.nih.gov/pubmed?term=Fineberg%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24384658
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24384658


factors and to establish guidelines to mitigate the complications associated with a 
postoperative CVA. 
 
Spine J. 2013 Oct 31. pii: S1529-9430(13)01610-0. doi: 10.1016/j.spinee.2013.10.015. 
[Epub ahead of print] 

Incidence and risk factors for postoperative ileus 
following anterior, posterior, and circumferential lumbar 
fusion. 
Fineberg SJ1, Nandyala SV1, Kurd MF1, Marquez-Lara A1, Noureldin M1, 
Sankaranarayanan S1, Patel AA2, Oglesby M1, Singh K3. 

Author information 
 
 

Abstract 
BACKGROUND CONTEXT: 
Postoperative ileus is a known complication of surgery. The incidence and risk 
factors for ileus after lumbar fusion surgery is not well characterized. 

PURPOSE: 
To determine rates of postoperative ileus, a population-based database was 
analyzed to identify incidence, mortality, and risk factors associated with anterior 
(ALF), posterior (PLF), and combined anterior/posterior (APLF) lumbar fusions. 

STUDY DESIGN: 
This was a retrospective database analysis. 

PATIENT SAMPLE: 
The sample consisted of 220,522 patients from the Nationwide Inpatient Sample 
(NIS) database. 

OUTCOME MEASURES: 
Outcome measures were incidence of postoperative ileus, length of stay (LOS), 
in-hospital costs, and mortality. 

METHODS: 
Data from the NIS were obtained from 2002 to 2009. Patients undergoing ALF, 
PLF, and APLF for degenerative pathologies were identified and the incidence of 
postoperative ileus was assessed. Patient demographics, Charlson comorbidity 
index (CCI), LOS, costs, and mortality were assessed. SPSS v.20 was used to 
detect statistical differences between groups and perform logistic regression 
analyses to identify independent predictors of postoperative ileus. A p value less 
than .001 denoted significance. 

RESULTS: 
A total of 220,522 lumbar fusions were identified in the United States from 2002 
to 2009. There were 19,762 ALFs, 182,801 PLFs, and 17,959 APLFs. The 
incidence of postoperative ileus was increased in ALFs over PLFs (74.9 vs. 26.0 
per 1,000; p<.001). Within PLF and APLF groups, CCI scores were increased in 
the presence of postoperative ileus (p<.001). Across cohorts, patients with 

http://www.ncbi.nlm.nih.gov/pubmed?term=Fineberg%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Nandyala%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Kurd%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Marquez-Lara%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Noureldin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Sankaranarayanan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Patel%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Oglesby%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24184650
http://www.ncbi.nlm.nih.gov/pubmed?term=Singh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24184650


postoperative ileus demonstrated greater LOS and costs (p<.001). PLF-treated 
patients with postoperative ileus demonstrated increased mortality (p<.001). 
Independent predictors of postoperative ileus included male gender, 3+ fusion 
levels, alcohol abuse, anemia, fluid/electrolyte disorders, and weight loss 
(p<.001). 

CONCLUSIONS: 
The results of our study demonstrate increased incidence of postoperative ileus 
associated with anterior approaches for lumbar fusion. Across cohorts, 
postoperative ileus was associated with increased LOS and costs. To determine 
the mortality and resource use associated with postoperative ileus, we 
recommend preoperatively identifying and treating modifiable risk factors, 
especially when an anterior approach is use 
 
 
 
Finally, neither more recent nor older studies on specific outcomes of lumbar 
fusion in workers compensation have been included in either the original HTA 
nor in the Hayes review as the AMDG initially requested. The Harris et al study in 
JAMA in 2005 provides compelling data on this issue across all procedures: 
 
JAMA. 2005 Apr 6;293(13):1644-52. 

Association between compensation status and outcome 
after surgery: a meta-analysis. 
Harris I, Mulford J, Solomon M, van Gelder JM, Young J. 

Author information 
 
 

Abstract 
CONTEXT: 
Compensation, whether through workers' compensation or through litigation, has 
been associated with poor outcome after surgery; however, this association has 
not been examined by meta-analysis. 

OBJECTIVE: 
To investigate the association between compensation status and outcome after 
surgery. 

DATA SOURCES: 
We searched MEDLINE (1966-2003), EMBASE (1980-2003), CINAHL, the 
Cochrane Controlled Trials Register, and reference lists of retrieved articles and 
textbooks, and we contacted experts in the field. 

STUDY SELECTION: 
The review included any trial of surgical intervention in which compensation 
status was reported and results were compared according to that status. No 
restrictions were placed on study design, language, or publication date. Studies 
were selected by 2 unblinded independent reviewers. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Harris%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15811984
http://www.ncbi.nlm.nih.gov/pubmed?term=Mulford%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15811984
http://www.ncbi.nlm.nih.gov/pubmed?term=Solomon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15811984
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Gelder%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=15811984
http://www.ncbi.nlm.nih.gov/pubmed?term=Young%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15811984


DATA EXTRACTION: 
Two reviewers independently extracted data on study type, study quality, surgical 
procedure, outcome, country of origin, length and completeness of follow-up, and 
compensation type. 

DATA SYNTHESIS: 
Two hundred eleven studies satisfied the inclusion criteria. Of these, 175 stated 
that the presence of compensation (workers' compensation with or without 
litigation) was associated with a worse outcome, 35 found no difference or did 
not describe a difference, and 1 described a benefit associated with 
compensation. A meta-analysis of 129 studies with available data (n = 20,498 
patients) revealed the summary odds ratio for an unsatisfactory outcome in 
compensated patients to be 3.79 (95% confidence interval, 3.28-4.37 by random-
effects model). Grouping studies by country, procedure, length of follow-up, 
completeness of follow-up, study type, and type of compensation showed the 
association to be consistent for all subgroups. 

CONCLUSIONS: 
Compensation status is associated with poor outcome after surgery. This effect is 
significant, clinically important, and consistent. Because data were obtained from 
observational studies and were not homogeneous, the summary effect should be 
interpreted with caution. Compensation status should be considered a potential 
confounder in all studies of surgical intervention. Determination of the 
mechanism for this association requires further study. 
 
Finally, more recent data on morbidity after lumbar fusion among WA state 
payers has recently been published and should be included as a benchmark of 
morbidity rates: 
 
Health Serv Res. 2013 Feb;48(1):1-25. doi: 10.1111/j.1475-6773.2012.01434.x. Epub 
2012 Jun 20. 

Hospital and surgeon variation in complications and 
repeat surgery following incident lumbar fusion for 
common degenerative diagnoses. 
Martin BI, Mirza SK, Franklin GM, Lurie JD, MacKenzie TA, Deyo RA. 

Author information 
 
 

Abstract 
OBJECTIVE: 
To identify factors that account for variation in complication rates across hospitals 
and surgeons performing lumbar spinal fusion surgery. 

DATA SOURCES: 
Discharge registry including all nonfederal hospitals in Washington State from 
2004 to 2007. 

STUDY DESIGN: 

http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20BI%5BAuthor%5D&cauthor=true&cauthor_uid=22716168
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirza%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=22716168
http://www.ncbi.nlm.nih.gov/pubmed?term=Franklin%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=22716168
http://www.ncbi.nlm.nih.gov/pubmed?term=Lurie%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=22716168
http://www.ncbi.nlm.nih.gov/pubmed?term=MacKenzie%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=22716168
http://www.ncbi.nlm.nih.gov/pubmed?term=Deyo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22716168


We identified adults (n = 6,091) undergoing an initial inpatient lumbar fusion for 
degenerative conditions. We identified whether each patient had a subsequent 
complication within 90 days. Logistic regression models with hospital and 
surgeon random effects were used to examine complications, controlling for 
patient characteristics and comorbidity. 

PRINCIPAL FINDINGS: 
Complications within 90 days of a fusion occurred in 4.8 percent of patients, and 
2.2 percent had a reoperation. Hospital effects accounted for 8.8 percent of the 
total variability, and surgeon effects account for 14.4 percent. Surgeon factors 
account for 54.5 percent of the variation in hospital reoperation rates, and 47.2 
percent of the variation in hospital complication rates. The discretionary use of 
operative features, such as the inclusion of bone morphogenetic proteins, 
accounted for 30 and 50 percent of the variation in surgeons' reoperation and 
complication rates, respectively. 

CONCLUSIONS: 
To improve the safety of lumbar spinal fusion surgery, quality improvement 
efforts that focus on surgeons' discretionary use of operative techniques may be 
more effective than those that target hospitals. 

 
 
 
 
Conclusion: The AMDG strongly recommends re-review of lumbar fusion, 
and recommends re-specification of the original key questions to more 
accurately reflect the types of patients receiving lumbar fusion in the public 
insurance programs.  
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Previous Coverage Decision 
A Comparative Effectiveness Review (CER) titled: SPINAL CORD STIMULATION, was originally 

released in July 2010 by the Health Technology Clinical Committee and summarized below. 

Health Technology Clinical Committee 
Findings and Coverage Decision 
Topic: SPINAL CORD STIMULATION 
Meeting Date: August 20, 2010 
Final Adoption: October 22, 2010  

HTCC Coverage Determination    
Spinal Cord Stimulation for chronic neuropathic pain is not a covered benefit. 

HTCC Reimbursement Determination 

 Limitations of Coverage 
Not Applicable 

 Non-Covered Indicators 
Not applicable 

Health Technology Background 
The Spinal Cord Stimulation topic was selected and published in December 2009 to undergo an 

evidence review process. Spinal Cord Stimulation (SCS) is an alternative treatment proposed for patients 
with chronic neuropathic pain who have not responded to conventional therapies such as medication, 
physical and/or psychological therapy, and in some case, re-operation. Current best evidence is available 
primarily from four trials on 375 patients; which are rated at a Level 1 or 2 (good quality), which is a 
better level of evidence than some interventions. However, total patient sample size is small, 
comparators were weak or inappropriate, reported outcomes are mostly subjective and not consistently 
reported, industry funding and management may have an impact, and no trial included a sham 
stimulation/procedure arm. The overall body of evidence was inconsistent, with several trials showing 
benefits on some outcomes at generally shorter follow up periods and others showing no difference. 
SCS is an implanted, long term treatment, but no evidence exists on either long term efficacy or safety. 

The committee agreed that SCS is less safe than alternatives, is an invasive procedure, and has 
many adverse events. While conventional medical management is not invasive, so would generally have 
a lower risk profile, re-operation is also a comparator and had less complications. SCS device related 
complications can be serious and include dural punctures, amplitude by bodily movements; paresthesia 
in other body parts, pain, disturbed urination, lead fracture, loss of effect, infection. Indications for SCS 
(FDA): Chronic intractable pain in the trunk and/or limbs including unilateral or bilateral pain associated 
with FBSS and intractable low back and leg pain, and for some devices: CRPS, radicular pain syndrome or 
radiculopathies resulting in pain, post-laminectomy pain, unsuccessful disc surgery, degenerative disc 
disease or herniated disc pain refractory to conservative or surgical interventions, peripheral causalgia, 
epidural fibrosis, arachnoiditis or lumbar adhesive arachnoiditis, and multiple back surgeries. Potential 
patients should undergo a period of trial stimulation prior to permanent SCS implantation. 
Contraindications for SCS (FDA): Failed trial stimulation due to ineffective pain relief; poor surgical risks; 
pregnancy; active general infections or multiple illnesses; inability to operate the SCS system; and 
cardiac pacemakers (with specific exceptions and precautions) or cardioverter defibrillators. 

In June 2010, the HTA posted a draft and then followed with a final report from a contracted 
research organization that reviewed publicly submitted information; searched, summarized, and 
evaluated trials, articles, and other evidence about the topic. The comprehensive, public and peer 
reviewed Spinal Cord Stimulation report is 164 pages, and identified a relatively large amount of 
literature. 

An independent group of eleven clinicians who practice medicine locally meet in public to 
decide whether state agencies should pay for the health technology based on whether the evidence 
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report and other presented information shows it is safe, effective and has value. The committee met on 
August 20, reviewed the report, including peer and public feedback, and heard public and agency 
comments. Meeting minutes detailing the discussion are available through the HTA program or online at 
http://www.hta.hca.wa.gov under the committee section. 

Committee Conclusions 
Having made findings as to the most significant and relevant evidence regarding health outcomes, key 
factors and identified evidence related to those factors, primarily based on the evidence based 
technology assessment report, the committee concludes: 

(1)  Evidence availability and technology features 
The committee concludes that the best available evidence on Spinal Cord Stimulation has been collected 
and summarized. 

 Spinal Cord Stimulation (SCS) is an alternative treatment proposed for patients with chronic 
neuropathic pain who have not responded to conventional therapies such as medication, physical 
and/or psychological therapy, and in some case, re-operation. 

 Current best evidence is available primarily from four trials on 375 patients; which are rated at a 
Level 1 or 2 (good quality), which is a better level of evidence than some interventions. However, 
total patient sample size is small, comparators were weak or inappropriate, reported outcomes are 
mostly subjective and not consistently reported, industry funding and management may have an 
impact, and no trial included a sham stimulation/procedure arm. The overall body of evidence was 
inconsistent, with several trials showing benefits on some outcomes at generally shorter follow up 
periods and others showing no difference. 

 SCS is an implanted, long term treatment, but no evidence exists on either long term efficacy or 
safety. 

(2)  Is it safe? 
The committee concludes that the comprehensive evidence indicates that Spinal Cord Stimulation is less 
safe than alternative treatments. Key factors to the committee’s conclusion included: 

 The committee agreed that SCS is less safe than alternatives, is an invasive procedure, and has many 
adverse events. While conventional medical management is not invasive, so would generally have a 
lower risk profile, re-operation is also a comparator and had less complications. SCS device related 
complications can be serious and include dural punctures, amplitude by bodily movements; 
paresthesia in other body parts, pain, disturbed urination, lead fracture, loss of effect, infection. 

 The committee agreed that safety was a significant factor: the number of trial reported 
complications ranged from 8 to 100%. Device related complication requiring revision ranged from 
25% to 38% of patients in short term and 42% to 60% in up to 5 years (not including 54% of patients 
undergoing pulse generator replacements due to battery life). 

 The committee agreed that there were currently no reported mortality rates, but that the FDA data 
was not available and the small sample size is likely underpowered to detect. 

 The committee agreed that the removal rate could be considered an efficacy or safety issue, but the 
rates ranging from 4% to 17% were concerning, especially considering that trial stimulation is done 
first on all patients. 

(3)  Is it effective? 
The majority of the committee concludes that the comprehensive evidence about Spinal Cord 
Stimulation effectiveness is unproven. 

 The committee agreed that the studies had serious limitations in design, low patient sample sizes, 
and weak or inadequate comparators. Additionally, placebo effects of a new intervention for 
patients with chronic pain who have already failed multiple therapies is a serious concern and no 
study involved sham stimulation or procedures and outcome measures were generally subjective. 

 The committee found that evidence overall on important patient outcomes was limited. For all 
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outcomes, there is no evidence of longer term improvement, particularly important when there are 
significant risks (including 1/3 revision and high removal rate) and the device is intended for 
permanent implant. 

 Given the serious limitations of the studies, the committee agreed that, at best, weak evidence 
exists that SCS may provide temporary improvement of pain in some patients, but there is no 
evidence of mid or long term pain improvement. 

 While pain is a critical patient outcome, evidence about other important patient outcomes was 
either not available or not consistent with the pain findings. 
o For instance, for reduction in pain medication in short term: Kumar and Turner found no 

difference, while North found SCS patients did have reduction. 
o For functional improvements, 1 trial found short term functional improvement, but 2 others did 

not; and there was no reliable evidence of functional improvement at mid (or long) term. 

 For all other outcomes, including improvement in quality of life, there is no reliable evidence of 
effect. 

(4)  Evidence about the technology’s special populations, patient characteristics and adjunct 
treatment 
The committee agreed that no compelling evidence exists to differentiate sub groups or special 
populations. 

 The committee agreed with the evidence based report that there is inadequate evidence to identify 
characteristics that either enhance or reduce the efficacy of SCS such as age, sex, workers’ 
compensation or other disability payments, duration of pain, pain intensity, time since first lumbar 
surgery, number of prior operations for pain, pain location, laterality of pain, allodynia or 
hypoesthesia at baseline, McGill Pain Questionnaire or the Minnesota Multiphasic Personality 
Inventory (MMPI) 

(5)  Is the technology cost-effective?  

 The committee concludes that SCS is unproven to be cost effective. 

 The committee agreed that the cost of SCS is substantial, averaging $27,000 per patient. 

 The committee agreed that overall value cannot be ascertained without evidence of net benefit of 
effectiveness and reduced harm. Reliable cost-effectiveness analysis cannot be performed. 

Committee Decision 
Based on the deliberations of key health outcomes, the committee decided that it had the most 
complete information: a comprehensive and current evidence report, public comments, and agency and 
state utilization information. The committee concluded that the current evidence on Spinal Cord 
Stimulation demonstrates that there isn’t sufficient evidence to cover the use of Spinal Cord Stimulation 
for chronic neuropathic pain. The committee considered all the evidence and gave greatest weight to 
the evidence it determined, based on objective factors, to be the most valid and reliable. Based on these 
findings, the committee voted 8 to 1 to not cover Spinal Cord Stimulation. 

The committee reviewed the Clinical guidelines and Medicare decision. The Medicare decision was 
did not cite evidence and was decided prior to any of the studies reviewed by the committee. The 
guidelines recommendations conflict and not all have reviewed the latest trials included in this report.  
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1.  Purpose of Report 
The purpose of this literature update is to determine whether or not there is sufficient evidence 
published after the original report to conduct a re-review of this technology. 

 
2.  Methods 

2.1 Literature Searches 
We conducted a limited literature search for articles published between May 1, 2010 and December 6, 
2013 using the identical search strategy used for the original report. This search included four main 
databases: PubMed, Medline, Cochrane Library, and EMBASE. Appendix A includes the search 
methodology for this topic.  

2.2 Study selection 
In general, we used the same inclusion and exclusion criteria as the original CER.  

2.4 Compilation of Findings and Conclusions 
For this assessment we abstracted the data from the included studies and constructed a demographics 
table, Table 3 (Appendix C). We also constructed a summary table that included the key questions, the 
original conclusions, new sources of evidence, new findings, and conclusions based on available signals, 
Table 2. To assess whether the conclusions might need updating, we used an algorithm based on a 
modification of the Ottawa method, Figure 2.  

 

3. Results 

3.1 Search 
A systematic review was undertaken for articles published between May 1, 2010 and December 6, 2013. 
We used two search strategies to identify articles from MEDLINE, EMBASE and the Cochrane Library. We 
used key words to detect articles that used the terms “spinal cord stimulation”, “spinal cord stimulator”, 
or “spinal cord stimulation”. Among the articles describing the efficacy and/or safety of spinal cord 
stimulation, we evaluated the full text to determine if the studies met our inclusion criteria. Full text of 
potential articles meeting the inclusion criteria by both methods were reviewed by two independent 
investigators to obtain the final collection of included studies, Figure 1.  

The literature search identified 213 titles. After title and abstract review, we further reviewed the full 
text of 22 journal articles. The remaining 191 titles were rejected because they were case reports, 
commentary, or did not include topics of interest. Among the 22 articles that went on to full text review, 
17 were rejected because subjects did not meet the inclusion criteria and/or did not include a 
comparison of interest, Table 1. No new systematic reviews of relevant literature were identified. Of the 
five articles that were further reviewed, all five1-5 were abstracted into an evidence table (Appendix C). 

3.2 Identifying signals for re-review 
Table 2 shows the original key questions, the conclusions of the original report, the new sources of 
evidence, the new findings, and the recommendations of Spectrum Research, Inc. (SRI) regarding the 
need for update. 

 

4.  Conclusions (Appendix B, Table 2) 

4.1  Key Question 1: What is the evidence of efficacy and effectiveness of spinal cord stimulation? 

Efficacy: All conclusions are still valid and this portion of the CER does not need updating.  

Effectiveness:  All conclusions are still valid and this portion of the CER does not need updating. 
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4.2  Key Question 2:  What is the evidence of the safety of spinal cord stimulation? 

      All conclusions are still valid and this portion of the CER does not need updating. 
 

4.3  Key Question 3: What is the evidence that spinal cord stimulation has differential efficacy or safety 
issues in sub populations? 

All conclusions are still valid and this portion of the CER does not need updating. 
 

4.4  Key Question 4: What is the evidence of cost implications and cost-effectiveness of spinal cord 
stimulators? 

 This section of the report could be updated with the results of the cost-effectiveness analysis of the 
cohort of Washington State workers’ compensation patients with FBSS (Hollingworth (2011)4.  

 However, the addition of this analysis (which suggests that SCS is not cost-effective in this patient 
population compared with pain clinic or usual care) would not affect the coverage decision (SCS is not 
covered). 

 
 
References: 
 
1. Falowski SM, Celii A, Sestokas AK, Schwartz DM, Matsumoto C, Sharan A. Awake vs. asleep 

placement of spinal cord stimulators: a cohort analysis of complications associated with 
placement. Neuromodulation 2011;14:130-4; discussion 4-5. 

2. Kumar K, Rizvi S, Bnurs SB. Spinal cord stimulation is effective in management of complex 
regional pain syndrome I: fact or fiction. Neurosurgery 2011;69:566-78; discussion 5578-80. 

3. Wolter T, Kieselbach K. Cervical spinal cord stimulation: an analysis of 23 patients with long-
term follow-up. Pain Physician 2012;15:203-12. 

4. Hollingworth W, Turner JA, Welton NJ, Comstock BA, Deyo RA. Costs and cost-effectiveness of 
spinal cord stimulation (SCS) for failed back surgery syndrome: an observational study in a 
workers' compensation population. Spine (Phila Pa 1976) 2011;36:2076-83. 

5. Kemler MA, Raphael JH, Bentley A, Taylor RS. The cost-effectiveness of spinal cord stimulation 
for complex regional pain syndrome. Value Health 2010;13:735-42. 
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Figure 1. Flow chart showing results of literature search 
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Figure 2.  Algorithm of the Ottawa Method of Identifying Signals for SR Updates 
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Table 1.  List of excluded articles after full-text review 
Study Reason for Exclusion: 

Systematic reviews  

Kelly GA, Blake C, Power CK, O'Keeffe D, Fullen BM. The 
impact of spinal cord stimulation on physical function and 
sleep quality in individuals with failed back surgery 
syndrome: a systematic review. Eur J Pain 2012;16:793-802. 

Systematic review does not contain any studies 
published after the search period of the original 
HTA. 

Krames ES, Monis S, Poree L, Deer T, Levy R. Using the SAFE 
principles when evaluating electrical stimulation therapies for 
the pain of failed back surgery syndrome. Neuromodulation 
2011;14:299-311; discussion 

Not a systematic review. 

Levy R, Henderson J, Slavin K, et al. Incidence and avoidance 
of neurologic complications with paddle type spinal cord 
stimulation leads. Neuromodulation 2011;14:412-22; 
discussion 22. 

Systematic review does not contain any 
relevant studies published after the search 
period of the original Washington State HTA. 

Lihua P, Su M, Zejun Z, Ke W, Bennett MI. Spinal cord 
stimulation for cancer-related pain in adults. Cochrane 
Database Syst Rev 2013;2:CD009389 

Systematic review does not contain any 
relevant studies published after the search 
period of the original HTA (SR included 4 case 
series, two of which were published after the 
search of the original HTA, and neither of these 
reported on adverse events following SCS). 

Mailis A, Taenzer P. Evidence-based guideline for neuropathic 
pain interventional treatments: spinal cord stimulation, 
intravenous infusions, epidural injections and nerve blocks. 
Pain Res Manag 2012;17:150-8. 

Systematic review does not contain any 
relevant studies published after the search 
period of the original HTA. 

Manchikanti L, Abdi S, Atluri S, et al. An update of 
comprehensive evidence-based guidelines for interventional 
techniques in chronic spinal pain. Part II: guidance and 
recommendations. Pain Physician 2013;16:S49-283. 

Systematic review does not contain any 
relevant studies published after the search 
period of the original HTA. 

Pluijms WA, Slangen R, Joosten EA, et al. Electrical spinal cord 
stimulation in painful diabetic polyneuropathy, a systematic 
review on treatment efficacy and safety. Eur J Pain 
2011;15:783-8. 

Systematic review does not contain any 
relevant studies published after the search 
period of the original Washington State HTA. 

Poree L, Krames E, Pope J, Deer TR, Levy R, Schultz L. Spinal 
cord stimulation as treatment for complex regional pain 
syndrome should be considered earlier than last resort 
therapy. Neuromodulation 2013;16:12 

Not a systematic review. 

Raff M, Melvill R, Coetzee G, Smuts J. Spinal cord stimulation 
for the management of pain: Recommendations for best 
clinical practice. S Afr Med J 2013;103:423-30. 

Search period of systematic review portion does 
not extend beyond the search period of the 
original Washington State HTA. 

Sparkes E, Raphael JH, Duarte RV, LeMarchand K, Jackson C, 
Ashford RL. A systematic literature review of psychological 
characteristics as determinants of outcome for spinal cord 
stimulation therapy. Pain 2010;150:284-9. 

Search period does not extend beyond the 
search period of the original Washington State 
HTA. 

van Wijck AJ, Wallace M, Mekhail N, van Kleef M. Evidence-
based interventional pain medicine according to clinical 
diagnoses. 17. Herpes zoster and post-herpetic neuralgia. 
Pain Pract 2011;11:88-97. 

Not a systematic review. 

KQ1  

North RB, Kumar K, Wallace MS, et al. Spinal cord stimulation 
versus re-operation in patients with failed back surgery 
syndrome: an international multicenter randomized 
controlled trial (EVIDENCE study). Neuromodulation 
2011;14:330-5; discussion 5-6. 

Study protocol only; excluded as the trial has 
been terminated due to slow enrollment: 
http://clinicaltrials.gov/show/NCT01036529 
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KQ2  

Kim DD, Vakharyia R, Kroll HR, Shuster A. Rates of lead 
migration and stimulation loss in spinal cord stimulation: a 
retrospective comparison of laminotomy versus 
percutaneous implantation. Pain Physician 2011;14:513-24. 

Case series with less than five years’ follow-up.  

Mekhail NA, Mathews M, Nageeb F, Guirguis M, Mekhail MN, 
Cheng J. Retrospective review of 707 cases of spinal cord 
stimulation: indications and complications. Pain Pract 
2011;11:148-53. 

Case series with less than five years’ follow-up.  

Zan E, Kurt KN, Yousem DM, Christo PJ. Spinal cord 
stimulators: typical positioning and postsurgical 
complications. AJR Am J Roentgenol 2011;196:437-45. 

Case series with length of follow-up not 
reported.  

KQ3  

Williams KA, Gonzalez-Fernandez M, Hamzehzadeh S, et al. A 
multi-center analysis evaluating factors associated with spinal 
cord stimulation outcome in chronic pain patients. Pain Med 
2011;12:1142-53. 

Case series, so LoE of IV (not I or II as specified 
in the inclusion criteria of the original HTA).  

KQ4  

Taylor RS, Ryan J, O'Donnell R, Eldabe S, Kumar K, North RB. 
The cost-effectiveness of spinal cord stimulation in the 
treatment of failed back surgery syndrome. Clin J Pain 
2010;26:463-9. 

Article provides “previously unavailable details 
of the NICE cost-effectiveness analysis”, which 
was included in the original HTA. This article 
reaches similar conclusions as those of the NICE 
analysis, that is, that SCS is cost-effective 
compared to CMM or re-operation in FBSS 
patients.  
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Appendix A. 
 
The detailed strategy below is presented in Medline and EMBASE syntax.  
 
Search Strategy 
(May 2010 – December 6, 2013) 
Limited to English language, human population 
 
Database: MEDLINE 

1.  “Spinal cord stimulation” OR “Spinal cord 
stimulation”[MeSH] OR “spinal cord stimulator” OR 
“spinal cord stimulators” 

2.  #1 NOT “Case Reports”[Publication Type] 

 
Database: EMBASE 

‘spinal cord stimulation’/exp OR ‘spinal cord stimulator’/exp AND [humans]/lim AND [English]/lim AND 
[abstracts]/lim AND [5-1-2013]/sd NOT [12-1-2013]/sd AND [2010-2014]/py  
 

 
Parallel strategies were used to search the Cochrane Library and others listed below. Keyword searches 
were conducted in the other listed resources. 
 
Electronic Database Searches 
The following databases have been searched for relevant information: 
Agency for Healthcare Research and Quality (AHRQ) 
Cumulative Index to Nursing and Allied Health (CINAHL) 
Cochrane Database of Systematic Reviews (through 2009, Issue 2) 
Cochrane Registry of Clinical Trials (CENTRAL) (through 2009, Issue 2) 
Cochrane Review Methodology Database (through 2009, Issue 2) 
Computer Retrieval of Information on Scientific Projects (CRISP) 
Database of Reviews of Effectiveness (Cochrane Library) (through 2009, Issue 2) 
EMBASE (1985 through July 23, 2009) 
PubMed (1975 through July 23, 2009) 
Informational Network of Agencies for Health Technology Assessment (INAHTA) 
NHS Economic Evaluation Database (Cochrane Library through 2009, Issue 2) 
HSTAT (Health Services/Technology Assessment Text) 
EconLIT 
 
Additional Economics, Clinical Guideline and Gray Literature Databases 
AHRQ- Healthcare Cost and Utilization Project 
Canadian Agency for Drugs and Technologies in Health 
Centers for Medicare and Medicaid Services (CMS) 
Food and Drug Administration (FDA) 
Google 
Institute for Clinical Systems Improvement (ICSI) 
National Guideline Clearinghouse 
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Appendix B 
 
Table 2. Spinal Cord Stimulation Summary Table 

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

Key Question 1: What is the evidence of efficacy and effectiveness of spinal cord stimulation? 

1. a) Efficacy (Short-term, <5 years): 

 Pain, perceived effect of treatment/patient satisfaction: There is 
moderate evidence from three small randomized controlled trials that 
SCS is superior to conventional therapies (CMM, physical therapy or re-
operation) in patients with chronic neuropathic pain during the first 2–3 
years with respect to patient reported outcomes of pain, and perceived 
effect of treatment/patient satisfaction.  In the only RCT that measured 
outcomes for a longer period of time, the benefit of SCS decreased over 
time and was not significantly different than controls for leg pain after 3 
years of treatment (see mid-term below). 

 Function, quality of life: The effect on quality of life outcomes is less 
clear with one RCT reporting substantial benefit of SCS compared with 
CMM at 6 months follow-up, while another study found quality of life 
outcomes to be similar between SCS + physical therapy and physical 
therapy alone at 2 years follow-up. Similarly, function as measured by the 
Oswestry Disability Index score was better in the SCS group at 6 months 
versus CMM in one study but the ability to perform daily activities after 3 
years was not different in a second study. The strength of this evidence is 
low. 

b) Efficacy (Mid-term, 5-10 years): 

 Pain, quality of life, perceived effect of treatment: There is low evidence 
from one small randomized controlled trial that SCS is no different from 
conventional therapy (physical therapy) in patients with chronic 
neuropathic pain 5-10 years following implant with respect to pain, 
quality of life, and patient-reported global perceived effect. 

c) Efficacy (Long-term, ≥10 years): 

 There are no data available to assess long-term efficacy. 
 
2. a) Effectiveness (Short-term, <5 years): 

 Composite of pain, function, and opioid use: One prospective cohort 
study on workers’ compensation patients reported similar success on a 
composite score that includes pain, function and opioid use between SCS 

None None  This section of the 
report is still valid 
and does not need 
updating 
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Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

and either Pain Clinic or Usual Care treatment groups.  There was a 
modest improvement in leg pain in the SCS group compared with the 
control groups at 6 months follow-up but this did not persist at the 12 
month or 24 month evaluation. 

    b) Effectiveness (Mid- and long-term, ≥5 years): 

 There are no data available to assess mid- or long-term effectiveness. 

Key Question 2: What is the evidence of the safety of spinal cord stimulation? 

1.  Revision  

 There is high evidence from three randomized controlled trials, one 
prospective comparative cohort study and six case series that revision of 
SCS components is not uncommon.  Overall short-term revision rates 
ranged from 12–38% of patients. Mid-term revision rates were 42% in 
one RCT and 60% in one case series. Reasons for revision include 
electrode repositioning or replacement, generator revision or 
replacement, revision of the connecting cable, and total removal and 
replacement of the system due to infection.  There are no long-term data 
available. 

2.  Other SCS-related side effects  

 Side effects reported varied widely among studies and included infection, 
change in amplitude by bodily movements, paresthesia in other body 
parts, pain/irritation from the pulse generator, transient neurological 
defects, severe wound-related pain at the stimulator implantation site, 
cerebrospinal fluid leak, and subcutaneous hematoma. The rate of side 
effects could not be determined from the papers reviewed; however, one 
RCT reported that all patients experienced at least one side effect. 

3.  Mortality 

 There is high evidence that the rate of mortality due to SCS is low. Among 
the four comparative studies, 2 deaths were reported in patients 
receiving SCS (2/139); one as a result of a cardiac event six months 
following SCS implantation, and the cause of one was not reported.  No 
deaths were recorded in the control groups during the same time period 
(0/179).  Two additional deaths were identified in three case series with 
five year follow-up; one from a cerebrovascular accident in a patient 
implanted for cardiac ischemic pain, one as a result of suicide.  No death 
was attributed to SCS; however one patient nearly died as a result of 
complications that arose following trial stimulation. 

3 case series: 
Falowski (2011)

1
 

Kumar (2011)
2
 

Wolter (2012)
3
 

 There is very low evidence from 
three case series

1-3
 of a total of 

305 patients that revision rates 
from device failure, injection, 
device/electrode repositioning, 
electrode fracture, electrode 
replacement, battery end of life, or 
pain at the implantation site) 
range from 14% to 50% of 
patients. The mean length follow-
up was >5 to 7.3 years. 

 There is very low evidence from 
one small case series of 25 
patients that there were no 
bleeding complications; this series 
had a mean length follow-up of 7.3 
years.

2
 

 There is very low evidence from 
one small case series of 18 
patients that there were no severe 
neurological deficits; this series 
had a mean length follow-up of 5.8 
years.

3
  

 There is very low evidence from 
one small case series of 18 
patients that 22% of patients had 
pain at the implant site; this series 
had a mean length follow-up of 5.8 
years.

3
  

 This section of the 
report is still valid 
and does not need 
updating 
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Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

Key Question 3: What is the evidence that spinal cord stimulation has differential efficacy or safety issues in sub populations? 

1.   Age 

 There is conflicting evidence whether patient age at baseline is associated 
with outcome. Two studies found that age did not correlate with either 
pain relief or success (combination of pain relief and patient satisfaction), 
while one study found that younger age was correlated with pain relief of 
at least 50%. One of these studies also reported no correlation between 
age and SF-36 or GPE scores. 

2.   Sex 

 There are mixed results regarding whether patient sex is associated with 
outcome following SCS. Three studies found that sex was not associated 
with pain relief, one showed no correlation between sex and SF-36 or 
GPE scores. In contrast, one study found that females had a significantly 
higher rate of success (pain relief and patient satisfaction), improved 
function and activity, and decreased medication usage at five years 
compared with males. 

3.   Workers’ compensation or other disability payments 

 One prospective study suggests that whether patients receive workers’ 
compensation/other disability payments or no compensation has no 
effect on pain relief among patients receiving SCS.  Another prospective 
study found that among patients on workers’ compensation, successful 
outcomes of pain relief, improved function and reduced opioid use was 
similar between SCS and two control treatment groups.  The percentages 
of success were low in all groups. 

4.   Duration of pain 

 There is moderate evidence from three cohort studies that duration of 
pain prior to SCS implantation is not associated with pain relief or success 
within the first year after implantation. 

5.   Pain intensity 

 There is low evidence from one cohort study to suggest that pain 
intensity at baseline is not associated with success. 

6.   Time since first lumbar surgery 

 There is low evidence from one cohort study to suggest that time since 
first lumbar surgery is not predictive of success. 

 
 

None None  This section of the 
report is still valid 
and does not need 
updating 
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Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

7.   Number of prior surgeries for pain 

 There is moderate evidence from two cohort studies to suggest that the 
number of prior of operations for pain is not associated with pain relief 
(or success).  One study additionally found no correlation between prior 
operations for pain and function/activity/medication usage at five years. 

8.   Pain location 

 There is low evidence from four cohort studies that pain location does 
not affect outcomes. 

9.   Laterality of pain 

 There is low evidence from one cohort study on FBSS patients with open 
workers’ compensation claims that patients with unilateral pain have 
better pain relief and functional outcomes (as measured by the RDQ) at 
12 months compared with patients with bilateral pain. 

10.   Allodynia or hypoesthesia at baseline 

 There is low evidence from one cohort study that the presence of 
allodynia at baseline negatively correlates with success at one year, while 
the presence of hypoesthesia at baseline was not predictive of success. 

11.   McGill Pain Questionnaire 

 There is conflicting evidence from two studies that the McGill Pain 
Questionnaire is associated with pain relief or success at follow-up with 
conflicting results. One study found an association between the 
evaluative subscale while the other study found no association with any 
subscale and outcome. 

12.   Minnesota Multiphasic Personality Inventory (MMPI) 

 There is conflicting evidence from two studies that the MMPI is 
associated with pain relief or success at follow-up with conflicting results. 
One study found an association between the depression subscale while 
the other study found no association with any subscale and outcome. 

13.   SF-36 Mental Health scores 

 There is low evidence from one cohort study on FBSS patients with open 
workers’ compensation claims that patients with baseline SF-36 Mental 
Health scores in the top third have better pain relief and functional 
outcomes (as measured by the RDQ) at 12 months than do those patients 
who scored in the bottom third at baseline. 
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Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

Key Question 4: What is the evidence of cost implications and cost-effectiveness of spinal cord stimulation? 

Cost Effectiveness 

 There is moderate evidence from three complete economic evaluations 
that in the short-term, SCS is associated with improved outcomes and 
increased costs compared with CMM and/or re-operation for the 
treatment of neuropathic pain. In the long-term, SCS appears to be 
dominant over the control treatments; however, only one study included 
in this assessment was conducted in a U.S. setting. More specifically, we 
found that there is some evidence that SCS is cost-effective at moderate 
(<$20,000) incremental cost effectiveness ratio (ICER) levels compared 
with CMM or re-operation, and that SCS cost-effectiveness increases and 
may be dominant over time compared with control treatments (i.e., 
CMM or re-operation) assuming device longevity of 4 years and at least a 
30% pain threshold criteria.  However, the assumption of continued 
efficacy past 3 years is questionable from the only RCT reporting pain 5-
10 years after implantation. Furthermore, only one study was conducted 
in a US setting. 

2 cost-
effectiveness 
analyses: 
Hollingworth 
(2011)

4
 

Kemler (2010)
5
 

 Hollingworth (2011)
4
 evaluated 

the cost-effectiveness of SCS 
compared to pain clinic or usual 
care in a cohort of Washington 
State workers’ compensation 
patients with FBSS. SCS was not 
cost-effective compared with 
usual care or pain clinic 
treatment. 

 

 Kemler (2010) conducted a re-
analysis of the data used in the 
NHS/NICE cost-effectiveness 
analysis of CRPS I patients, 
though the update was not 
published by NHS/NICE. The 
NHS/NICE analysis was included 
in the original HTA. This analysis 
arrived at similar conclusions as 
the original NHS/NICE evaluation, 
where SCS plus CMM is cost-
effective compared to CMM 
alone.  

 The ICER of ₤3562 per QALY 
for SCS compared with CMM 
was lower than that reported 
in the NHS/NICE report 
(₤25,095 per QALY) (and 
included in the original HTA). 

 

 This section of the 
report could be 
updated with the 
results of the cost-
effectiveness 
analysis of the 
cohort of 
Washington State 
workers’ 
compensation 
patients with FBSS.  

 However, the 
addition of this 
analysis (which 
suggests that SCS is 
not cost-effective 
in this patient 
population 
compared with 
pain clinic or usual 
care) would not 
affect the coverage 
decision (SCS is not 
covered). 
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Appendix C.  Demographic table 
 
Table 3.   Spinal cord stimulation studies demographic table 

Author (Year) 
Study type 

Key Question Demographics Results Conclusion 

Falowski 2011 
 
Case series 

KQ2 N = 259 
(167 new device 
implantations, 220 re-
operations for device 
failure, device 
repositioning, battery end 
of life, infection) 
Male: NR 
Age: NR 
F/U: >5 years (details NR) 
 
Diagnosis: 
Neuropathic pain 
 
Intervention: 
SCS implanted while 
patient awake (76 first-
time procedures) or 
under general anesthesia 
(91 first-time procedures) 

Safety: 

 Device failure (including multiple surgeries); f/u: > 5 years 
(Failure: any re-operation secondary to a traumatic break 
in the SCS system, a device malfunction requiring re-
exploration, or a device removal secondary to lack of 
efficacy) 

 Range: 14.9% - 29.7% of procedures 

 SCS implanted while patient awake: 29.7%  

 SCS implanted while patient asleep: 14.9%  

 Infection requiring device explantation; f/u: NR (details 
NR) 

 Range: 4.5% - 5.7% of procedures 

 SCS implanted while patient awake: 4.5%  

 SCS implanted while patient asleep: 5.7%  

 Electrode repositioning; f/u: NR (details NR) 

 Range: 14.9 – 17.9% of procedures 

 SCS implanted while patient awake: 17.9%  

 SCS implanted while patient asleep: 14.9%  
 

 

Safety: 

 Device failure occurred in 14.9% to 
29.7% of procedures (exact number not 
calculable) 

 Infection requiring device explantation 
occurred in 4.5% to 5.7% of procedures 
(exact number not calculable) 

 Electrode repositioning occurred in 
4.5% to 5.7% of procedures (exact 
number not calculable) 
 

Kumar (2011)  
 
Case series 

KQ2 N = 28 
Male: 43% 
Age: 51 (32-82) years 
F/U: 7.3 (1.5-19.6) years 
 
Diagnosis: 
CRPS I 
 
Intervention: 
SCS  

Safety: 

 Device repositioning: 20% (5/25) 

 Electrode fracture: 5% (1/25) 

 Electrode repositioning:20% (5/25) 

 Electrode replacement: 44% (11/25) 

 Battery end of life: 40% (10/25) 

 Hardware malfunction: 0% (0/25) 

 Infection requiring explantation and re-implantation: 5% 
(1/25) (occurred 3 times) 

 Bleeding: 0% (0/25) 
 

 This small case series suggested that 
when followed in the long-term (mean 
follow-up: 7.3 years), patients have a 
relatively high rate of hardware 
complications requiring re-operation 
(ranging from 0% to 44% of patients). 
The incidence of infection and bleeding 
were low (5% and 0%, respectively). 

Wolter (2012)  KQ2 N = 18 Safety:  This small case series reported that 
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Author (Year) 
Study type 

Key Question Demographics Results Conclusion 

 
Case series 

Male: 3% 
Age: 54 (34-78) years 
F/U: 5.8 (0.4-21) years 
 
Diagnosis: 
Various types of cervical 
neuropathic pain 
 
Intervention: 
SCS  

 Total “unscheduled” re-operations: 50% (9/18) patients 
(14 procedures), including but not limited to: 

 Lead dislocation: 28% (5/18) 

 Lead breakage: 28% (5/18) 

 Revision or relocation due to pain at the pocket 
site: 11% (2/18) 

 Battery end of life: 11% (2/18) 
 

 Infection (“severe complication”): 0% (0/18)  

 Neurological deficit (“severe complication”): 0% (0/18)  

 Pain at IPG site: 22% (4/18) 
 

when followed in the long-term (mean 
follow-up: 5.8 years), 50% of patients 
had at least one hardware complication 
requiring re-operation. Further, 22% of 
patients had pain at the IPG site. There 
were no cases of infection or 
neurological deficit. 

Hollingworth 
(2011)  
 
Cost-
effectiveness 
study 

KQ4 Population: FBSS patients 
in the published Turner 
2010 prospective cohort 
study of Washington 
State workers’ 
compensation patients* 
 
Diagnosis: 
FBSS 
 
Intervention: 
SCS (n = 51) 
 
Comparators: 
1. Pain clinic (PC)  

(n = 39) 
2. Usual care (UC)  

(n = 68) 
 
Cost-effectiveness 
analysis: 

 Costs converted into 
2007 US dollars 

 After first year of 

Recap of effectiveness results†: 

 Effectiveness results used for this analysis were included 
in the original HTA† 

 Primary outcome  (24 months): 

 SCS: 5% 

 PC: 3% 

 UC: 10% 

 No significant differences between any groups. 
 

Cost-effectiveness results: 

 Incremental cost per success (i.e., achieving the primary 
outcome): 
SCS (n = 43) vs. UC (n = 61) (patients who completed 24 
month f/u for primary outcome): 

 Unadjusted incremental cost per patient achieving 
success on primary outcome: UC less costly, more 
effective ($632,067: UC dominates) 

 Adjusted‡ incremental cost per patient achieving 
success on primary outcome: $334,704 (95% 
credible intervals, $142,203 - $489,243) 

SCS (n = 43) vs. PC (n = 34) (patients who completed 24 
month f/u for primary outcome): 

 Unadjusted incremental cost per patient achieving 
success on primary outcome:: $846,977 

 In a cohort of Washington State 
workers’ compensation patients with 
FBSS, SCS was not cost-effective 
compared with usual care or pain clinic 
treatment. 
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Author (Year) 
Study type 

Key Question Demographics Results Conclusion 

enrollment, costs 
discounted 3% 

 Incremental cost-
effectiveness defined as 
cost per successful 
outcome (i.e., 
additional cost of 
SCS/additional 
percentage of SCS 
patients achieving the 
primary outcome at 24 
months) 

 Primary outcome: 
composite of ≥ 50% leg 
pain relief relative to 
baseline, a 2-point or 
greater improvement in 
the Roland-Morris 
Disability 
Questionnaire, and less 
than daily opioid 
medication use 

 

 Adjusted‡ incremental cost per patient achieving 
success on primary outcome: $131,146 (95% 
credible intervals: $271,075) (SCS dominates) 

Permanent SCS implantation (n = 27) vs. PC (n = 22) 
(patients who completed 24 month f/u for cost data and 
primary outcome): 

 Unadjusted incremental cost per patient achieving 
success on primary outcome:: $520,315 (PC 
dominates) 

 Unadjusted incremental cost per patient achieving 
success on leg pain outcome: $436,512 (PC 
dominates) 

 Unadjusted incremental cost per patient achieving 
success on Roland Morris Disability Score: 
$140,049 (PC dominates) 

Kemler (2010) 
 
Re-analysis of 
the data used 
in the 
NHS/NICE 
cost-
effectiveness 
analysis of 
CRPS 
patients§ 
(update not 
published by 

KQ4 Population: CRPS I 
patients as included in 
the Kemler 2000 RCT** 
(patient-level data 
available here but not in 
NHS analysis) 
 
Diagnosis: 
CRPS I 
 
Intervention: 
SCS + CMM 
 

Cost-effectiveness results (SCS + CMM versus CMM): 

 Cost difference: ₤6,994 higher with SCS 

 QALY difference: 1.96 higher with SCS 

 ICER (SCS relative to CMM): ₤3562 per QALY 
 

 SCS + CMM is cost-effective compared 
to CMM alone, with an 87% probability 
that SCS is cost-effective at a 
willingness to pay threshold of 
₤30,000. 

 The ICER of ₤3562 per QALY for SCS 
compared with CMM was lower than 
that reported in the NHS/NICE report 
(₤25,095 per QALY) (and included in 
the original HTA) 
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Author (Year) 
Study type 

Key Question Demographics Results Conclusion 

NHS/NICE) 
 
Study 
sponsored by 
Medtronic 

Comparator: 
CMM alone 
 
Cost-effectiveness 
analysis: 

 NHS perspective 

 Time period: 15 years 

 Two-stage decision 
analytic tree and 
Markov model used 

 Primary outcome: ≥ 
50% pain relief at 6 
months 
 

 

Abbreviations: CMM: conventional medical management; CRPS I: chronic regional pain syndrome I; FBSS: failed back surgery syndrome; F/U: follow-up; ICER: 
incremental cost-effectiveness ratio; IPG: implantable pulse generator; KQ: key question; NA: not applicable; NS: not statistically significant; RCT: randomized 
controlled trial; SCS: spinal cord stimulation; UC: usual care 
 
* This study was included in the original HTA report to evaluate effectiveness of SCS versus pain clinic versus usual care. Reference: Turner JA, Hollingworth W, 

Comstock BA, Deyo RA. Spinal cord stimulation for failed back surgery syndrome: outcomes in a workers' compensation setting. Pain 2010;148:14-25.  

 
† Conclusions from the original report: 

Turner et al. (2010) “provided data on the short-term effectiveness of SCS compared with Pain Clinic and Usual Care treatments in FBSS patients with 
open workers’ compensation claims in the State of Washington. In general, the cohort study found no differences in outcomes between patients in 
the SCS and two control groups. 

 “Success” from a composite score: There was no difference between SCS, pain clinic (PC), or usual care (UC) groups at any follow-up up to 24 
months in the percent of patients achieving the primary outcome composite measure of success (includes pain, function, and medication 
usage components). 

 Pain relief: Significantly more patients in the SCS group achieved ≥ 50% leg pain relief by six months than those in the UC group, there was no 
difference between the SCS and PC group at the same follow-up; furthermore, no differences were identified between groups in the 
percentage of patients achieving leg pain relief of ≥ 50% or more at the 12- and 24-month follow-ups. 

 Function: There were no significant differences in either the Roland-Morris Disability Questionnaire (RDQ) scores or ability to perform daily 
tasks between treatment groups in the prospective cohort study on workers’ compensation patients. 

 Health-related quality of life (HR-QoL): Reported no significant differences between treatment groups in SF-36 scores and work/disability 
status. 
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 Medication usage: Although significantly fewer patients in the SCS group used opioids on a less than daily basis than did those in the PC 
group at six months, no other significant differences between treatment groups were identified in the prospective cohort study on workers’ 
compensation patients.  

‡ Adjusted for baseline characteristics (cost in the year prior to enrollment, age, SF-36 mental health score, disability payments from another source, Roland-
Morris Disability Questionnaire score, leg-pain intensity, duration of work time loss compensation, and legal representation) 

§ NICE/NHS economic analysis included in original HTA; Simpson E, Duenas A, Holmes M, Papaioannou D, Chilcott J. Spinal cord stimulation for chronic pain of 
neuropathic or ischaemic origin: systematic review and economic evaluation. Health Technology Assessment 2009;13:1-179 

** Kemler RCT included in original HTA; Kemler MA, Barendse GA, van Kleef M, et al. Spinal cord stimulation in patients with chronic reflex sympathetic 
dystrophy. N Engl J Med 2000;343:618-24. 
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HTA 2014 Topic Selection: Public Comments and Response  Page 1 of 2  

This document responds to all comments received on the Potential 2014 HTA Technology Topics.  Public 
comment periods were accepted from March 1, 2014 through March 17, 2014.  Comments were 
received from the following individuals and groups: 

 John Medverd, MD, Washington State Radiological Society; Judith Jacobsen, MD, Washington 
Section Chair, and Judy Kimelman, MD, Washington Section Legislative Chair, The American 
Congress of Obstetricians and Gynecologists; Katie Kolan, JD, Director of Legislative and 
Regulatory Affairs, Washington State Medical Society. 
 

 John Nadglowski, President and CEO, Obesity Action Coalition. 
 

 Harrison Perry, Health Policy Analyst, American Academy of Otolaryngology- Head and Neck 
Surgery. 
 

 Michael Bolen, Director, State Government Affairs, Medtronic, Inc. 
 

 Ninh Nguyen, MD, FACS, FASMBS, President, American Society for Metabolic and Bariatric 
Surgery; Brian Sung, MD, FASMBS, Swedish Weight Loss Services; Judy Chen, MD, FASMBS, 
Swedish Weight Loss Services. 
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HTA 2014 Topic Selection: Public Comments and Response  Page 2 of 2  

Potential Topic Comment HCA Response 

John Medverd, MD and others 
representing multiple professional 
organizations 

Topic: Appropriate Breast Imaging 
for Breast Cancer Screening in 
Special Conditions 

Complete comments 
with information 
attached below. 

Thank you for providing information for the 
members of the Health Technology Clinical 
Committee for this proposed topics.  All comments 
and attached information will be included in any 
future review.   
 
No change to proposed topics. 

John Nadglowski, President and CEO, 
Obesity Action Coalition. 

Topic: Bariatric Surgery for 
Overweight/ Obese 
 

Complete comments 
with information 
attached below. 
 

Thank you for your comments.  The information 
provided, including recent clinical practice 
guidelines, will be included in any future review.  
HCA has proposed review of bariatric surgery by 
the HTA program to ensure that care purchased by 
state programs is safe, effective and has value, 
especially as new populations are considered for 
this treatment.  
 
No change to proposed topics. 

Harrison Peery, American Academy 
of Otolaryngology. 

Topic: Tympanostomy Tubes and 
Imaging for Rhinosinusitis 

Complete comments 
with information 
attached below. 
 

Thank you for your comments and for links to 
position statements and clinical guidelines for 
these topics.  This information will be included in 
any future review of these topics. 
 
No change to proposed topics. 

Michael Bolen, Director, State 
Government Affairs, Medtronic, Inc. 

Topic: Lumbar Spinal Fusion (re-
review) 
 

Complete comments 
with information 
attached below. 
 

Thank you for providing comment and evidence for 
this proposed re-review.  All information provided 
will be considered in any future re-review of 
lumbar spinal fusion.   
 
No change to proposed topics. 

Ninh Nguyen, MD, FACS, FASMBS,  
President, American Society for 
Metabolic and Bariatric Surgery and 
others.  

Topic: Bariatric Surgery for 
Overweight/Obese 

Complete comments 
with information 
attached below. 
 

Thank you for your comments.  The information 
provided by the American Society for Metabolic 
and Bariatric Surgery will be included in any future 
review.   
 
No change to proposed topics. 

 



 

 

 

 

March 16, 2014 

 

Health Care Authority 

Health Technology Assessment Program  

626 8th Ave SE  

P.O. Box 42712 

Olympia, WA 98504-2712 

 

 

Re: Appropriate Breast Imaging for Breast Cancer Screening in Special 

Conditions.  

 

Dear Ms. Masters: 

 

On behalf of the Washington State Medical Association and its over 9,800 

physician and physician assistant members, we appreciate the opportunity to 

comment on the proposed topic for review.  

 

The stated reasons for review and selection are concerns that include efficacy in special 

populations (e.g., high risk, dense tissue) and high state usage for breast imaging for breast 

cancer under special conditions.  We offer the following information to the members of the 

Health Technology Clinical Committee (HTCC) for review and consideration.  

 

Background: As background breast tissue density increases, the sensitivity of mammography is 

reduced. We also know that the recommendations for screening mammography are the same for 

women with dense breasts as for the rest of the population.  

 

Mammography is the only screening modality that has undergone randomized controlled trials 

demonstrating a reduction in breast cancer mortality. There is no recommendation that it be 

replaced with another test in any subset of the population. 

 

Additional screening options, generally:  

Screening using MRI and ultrasound has been extensively tested. We know that breast density 

has more impact on the ability to detect cancer for mammography than it does for MRI or 

ultrasound. However, both ultrasound and MRI are associated with a much higher rate of benign 

biopsies. Moreover, both ultrasound and MRI have a higher rate of recommendation for short-

interval follow-up than does mammography. Therefore, when a patient chooses to have either 

an MRI or an ultrasound in addition to mammography, the patient should consider the 

benefit/risk trade-off of early cancer detection versus increased false positives. This is where 

the relationship the patient has with her physician and the risk of the patient comes into play – 

the higher the patient’s cancer risk, the more likely there will be benefit to additional testing. 
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Choosing to undergo additional screening is more favorable for women at high-risk than 

for average-risk women who simply have dense breasts. 
 

Additional screening:  

For patients who are interested in additional screening options, a breast cancer risk assessment 

may be appropriate. A breast cancer risk assessment can start the discussion between patient and 

physicians as to whether supplemental tests will be beneficial and what tests, if any, to order. 

 

As noted above, there are additional breast “screening options” available. Those “screening 

options” include:  

 MRI,  

 Ultrasound, and 

 Tomosynthesis ("3D mammography").  

 

MRI and patient risk: Screening using MRI has been shown to substantially increase the rate of 

cancer detection. Use of MRI screening is recommended for patients at very high-risk (>20% 

lifetime risk) and for those patients. Those patients with a personal history of breast cancer or a 

prior biopsy diagnosis of atypia (equivalent to a 15% to 20% lifetime risk) are considered at 

"intermediate risk” and in that case, a patient-centered shared decision-making approach is 

recommended. 

 

Ultrasound and patient risk: Screening using ultrasound is often inaccessible to patients and is 

likely to incur an out-of-pocket cost to patients. Some studies have shown a high rate of false-

positives but also a modest increase in breast cancer detection. A decision by a patient to use 

ultrasound should be mad considering the risks, benefits and likely costs.  

 

Tomosynthesis and patient risk: Screening using tomosynthesis ("3D mammography") is 

sometimes being offered in addition to screening mammography but it has not yet been studied 

completely. The preliminary data is encouraging on the performance of tomosynthesis in women 

with dense tissue. 

 

Cost of additional screening: While we have not performed an analysis of cost to Washington’s 

patients, California has reviewed topics related to the information this committee is reviewing.  

We offer for you the following excerpt from the California Breast Density Information Group 

(CBDIG)
1
: 

 

The California legislature did not mandate insurance coverage for any supplemental 

breast cancer screening tests. Currently, there are no insurance billing codes for 

screening breast ultrasound or tomosynthesis. Screening breast MRI is usually covered 

for high risk women, but may not be for women at average risk who simply have dense 

breasts. As such, women who desire certain types of supplemental screening may be 

asked to pay out of pocket. 

                                                 
1
 A working group of breast radiologists and breast cancer risk specialists, representing academic and community-

based practices across California, formed to assist patients, referring doctors, and radiologists in responding to new 

legislation in California (SB 1538) that will mandate radiologists report breast density to patients. Source: 

http://www.breastdensity.info/whoweare.html, March 2013. 
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From a societal perspective, supplemental screening of the approximately 50 percent 

[those who under California’s new mandatory additional law who would be 

recommended to seek additional screening] of California women with dense breasts 

would result in very substantial additional cost to the health care system. 

 

Lastly, use of additional screening could divert needed resources to increase all 

women’s access to screening mammography, the only screening modality which has 

been proven to reduce mortality in average risk women.  

 

And, for your convenience, we have attached several supporting document for our review and 

consideration.  

 

 

Sincerely, 

 

 

 

Jonathan Medverd, MD 

President 

Washington State Radiological Society 

 

Judith Jacobsen, MD  

Washington Section Chair 

American Congress of Obstetricians and Gynecologists  

 

Judy Kimelman, MD 

Washington Section Legislative Chair  

American Congress of Obstetricians and Gynecologists  

 

Katie Kolan, JD 

Director of Legislative and Regulatory Affairs 

Washington State Medical Association 

 

 

 

 

CC: 

 Jennifer Hanscom, Executive Director/CEO, Washington State Medical Association 

Executive Committee Members, Washington State Medical Association  
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Links to National Guidelines for Breast Cancer Screening:  

American Cancer Society: http://www.cancer.org/acs/groups/cid/documents/webcontent/003165-

pdf.pdf 

 

American College of Radiology; Criteria and Diagnostics, 2012 : 

http://www.acr.org/~/media/ACR/Documents/AppCriteria/Diagnostic/BreastCancerScreening.pd

f 
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Clinical experience and, more recently, genetic
testing have identified a subset of women who
are at substantially greater than average risk for
developing breast cancer. The factors that define
this group of women are diverse, ranging from
previous biopsy showing cancer or high-risk
lesions,1–5 to strong family history of breast
cancer,6 to previous exposure to high doses of
chest radiation.7–11 Several underlying genetic
abnormalities have been discovered among
some women at high very risk that add another
level of complexity.12–21 Recent research has
shown that breast density, as depicted at
mammography, is a substantial independent risk
factor for future breast cancer.22–27

Common to all women at high risk, by definition,
is a greater likelihood of developing breast cancer.
However, the cancers that occur in these women,
especially those women with associated genetic
abnormalities, tend to grow more rapidly,28 tend
to develop earlier in life,13,17 tend to be more diffi-
cult to identify at mammography,29–35 and may be
less responsive to therapy.36,37 This quadruple
whammy creates a sense of urgency that has
caused most health care providers to adopt an
intuitive, rather than rigorously scientific, approach
in devising strategies to identify cancers in women
at high risk. This article discusses a major part of
this effort: the use of 3 breast imaging modalities
(mammography, magnetic resonance [MR]
imaging, and ultrasound [US] examination) to
screen asymptomatic women at high risk for
breast cancer.
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FACTORS THAT PLACE WOMEN AT HIGH
RISK FOR DEVELOPING BREAST CANCER

There are a wide variety of risk factors associated
with the future development of breast cancer. Only
those that play a substantial role in guiding clinical-
care decisions regarding screening with breast
imaging are considered here. High risk may be
defined in terms of relative risk (the risk of individ-
uals with a given risk factor divided by the risk of
individuals without the same factor). As such, rela-
tive risks of 3 of more are often considered clini-
cally relevant.38 Other measures of risk are
expressed as the percentage of women expected
to develop cancer in a given future interval (per
year, in the next given number of years, from
current age until a given future age, lifetime risk).

Previous Breast Biopsy

Women who have already undergone biopsy for
lesions diagnosed as malignant (ie, women with
a personal history of breast cancer) are known to
be at considerably higher than average risk for
developing 1 or more additional cancers. The likeli-
hood of contralateral breast cancer diagnosis
among women with a personal history of breast
cancer is 5% to 10% in the first decade after initial
diagnosis, with some evidence that this risk is high-
er in younger than in older women.2 A slightly higher
level of risk (but for recurrence or second primary
cancer in the ipsilateral breast), 5% to 10% over
5 years and 10% to 15% over 10 years, is reported
for women undergoing breast conservation as
r, San Francisco, CA 94143-1667, USA
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treatment of a first cancer.3 Overall risk decreases
in the second and subsequent decades after initial
cancer diagnosis, at least partially because of
decreased frequency of ipsilateral recurrence, but
the risk during the first decade is high. However,
all these risks are partially ameliorated if the patient
is undergoing either systemic chemotherapy or
chemoprevention.

Substantial risk also is imparted by a previous
biopsy diagnosis (personal history) of epithelial
ovarian cancer, especially for women younger
than 50 years and within 10 years of the diagnosis
of ovarian cancer.39

Women who carry a biopsy diagnosis of lobular
carcinoma in situ (LCIS) also are at considerably
higher than average risk. Invasive cancers are
more frequently lobular than ductal carcinoma,
and are ipsilateral more frequently than contralat-
eral to the LCIS, occurring at or near the site of
LCIS diagnosis when ipsilateral.5 The rate of
development of subsequent invasive carcinoma
is estimated at 0.5% to 1% per year for LCIS,
also reported as a 10% to 20% risk over 15 to
20 years and a 6- to 10-fold relative risk.4 Similar
levels of high risk are reported for women who
have a previous biopsy diagnosis of atypia. For
both atypical lobular hyperplasia (ALH) and atyp-
ical ductal hyperplasia (ADH), in a study involving
an average follow-up of 17 years, the relative risk
of future invasive carcinoma is 4.2 for ALH and
4.3 for ADH, risks that are essentially doubled for
women who also have a first-degree maternal rela-
tive with breast cancer (ALH 8.4, ADH 9.7).1
Family History of Breast Cancer

There is an abundance of evidence demonstrating
significant associations between a family history of
breast cancer and subsequent development of
breast cancer.6 As expected, these associations
are strongest when first-degree relatives are
involved. The future breast cancer risk to age 80
years of a 20-year-old woman with no family
history is 7.8%, but the same woman has a risk
of 13.3% with 1 first-degree relative and 21.1%
with 2 first-degree relatives.6 Increased risk is im-
parted by either a maternal or paternal family
history, although the infrequency of breast cancer
among men causes most strong family history to
involve mothers, sisters, and daughters. Among
women who have a strong family history, risk is
highest at young ages, and, for women of a given
age, the risk is greater the younger the family
member was when diagnosed with breast
cancer.6 Despite the high relative risk at young
ages, the absolute incidence of cancer is low, so
the magnitude of this risk is tempered. For this
2014 Technology Topic Selection
reason, most women with positive family history
who develop breast cancer do so at either middle
or old age. Substantial risk also is imparted by
a family history of epithelial ovarian cancer.40
Previous Mediastinal Radiation Therapy

Chest radiation therapy before age 30 years,
primarily involving mantle irradiation for Hodgkin
disease, is associated with an increased risk for
developing breast cancer (latent period after treat-
ment: mean 15–18 years, range 7–34 years).7,8,39

The frequency of subsequent breast cancer before
age 40 years is reported to range from 31% to
50%.7,9,10,39 The relative risk of subsequent breast
cancer diagnosis is highly dependent on age at
irradiation, ranging from 136 for age at exposure
less than 15 years, to 19 for ages 15 to 24 years,
to 7 at ages 25 to 29 years, to 0.7 (no elevated
risk) at ages 30 years and older.9 Risk also is
directly proportional to radiation dose.39
GENETIC ABNORMALITIES ASSOCIATED
WITH A HIGH RISK OF DEVELOPING
BREAST CANCER

Genetic abnormalities are believed to account for
5% to 10% of all cases of breast cancer.18 Women
who are known or suspected carriers of BRCA1 or
BRCA2 mutations are at especially high risk for
developing breast (and ovarian) cancer, with an
estimated breast cancer risk by age 70 years
ranging from 46% to 87% for BRCA1 mutation
carriers (average 65%, 95% confidence interval
44%–78%) and 37% to 84% for BRCA2 mutation
carriers (average 45%, 95% confidence interval
31%–56%).12,13,17 Risks that are estimated from
families with multiple cancer cases are at the
high end of the observed range, approximately
85% risk for BRCA1 and 65% for BRCA2.12,13,17

The risk imparted by both mutations is expressed
at younger ages than in the general popula-
tion.13,17 In one study involving BRCA1 mutation
carriers, the risk is reported as 3% by age 30
years, 19% by 40 years, and 51% by 50 years.12

However, the relative risk associated with
BRCA1, but not BRCA2, mutation declines signif-
icantly with advancing age,13,17 which likely
accounts for the general observation that risk is
expressed at somewhat younger ages for
BRCA1 than for BRCA2 mutation carriers.17 The
overall effect of this difference in relative risk is
limited by the more substantial contribution im-
parted by increasing absolute incidence of breast
cancer with advancing age, because the differ-
ences in relative risk occur primarily during years
in which there is low absolute incidence.
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There are also hereditary cancer predisposition
syndromes associated with specific genetic
abnormalities and an increased risk of breast
cancer. Elevated risk is attributed to mutations of
the PTEN gene in Cowden and Bannayan-Riley-
Ruvalcaba syndrome, the TP53 gene in
Li-Fraumeni syndrome, the MSH2 and MLH1
genes in Muir-Torre syndrome, and the STK11
gene in Peutz-Jeghers syndrome.14–16,18–21 The
rarity of these syndromes precludes the calcula-
tion of reliable risk estimates for these syndromes.

Several sophisticated mathematical models
have been developed to predict breast cancer
risk based on family history and other factors.
These models are used for risk assessment of indi-
vidual patients, to decide whether to recommend
genetic testing for BRCA gene mutations, to
predict which patients may benefit from chemo-
prevention and/or high-risk screening, and by
some investigators to determine study eligibility
for research interventions designed for patients
at high risk. Because these models are derived
from different data sets, use different risk-
calculating algorithms, and vary in the age to
which they calculate cumulative breast cancer
risk, each model indicates a somewhat different
level of risk for the same woman. If more than 1
model is used to estimate risk for a given woman,
it has been recommended to use the highest level
of estimated risk.41

The Gail model, first and perhaps still the most
widely used, is based on a woman’s age, the
number of first-degree relatives with breast cancer,
age at menarche, age at first live birth, the number of
previous breast biopsies (including presence/
absence of atypia), and race/ethnicity (www.
cancer.gov/bcrisktool/, accessed December 20,
2009).42 This is the only model validated for use
among African American women as well as white
women. However, this risk model omits consider-
ation of age at diagnosis of first-degree relatives,
any data on second-degree relatives, and paternal
family history, limiting the value of the model as an
estimator of risk associated with family history.
The Claus model is based on more comprehensive
family history data, including maternal and paternal
family history, first- and second-degree relatives, as
well as age at diagnosis of these relatives’ cancers,
albeit omitting family history data on ovarian cancer
(www.palmgear.com/index.cfm?fuseaction5
software.showsoftware&prodID=29820, accessed
December 20, 2009).43 Both of these models
provide estimates of breast cancer risk, but do
not specifically predict likelihood of the presence
of BRCA1 or BRCA2 mutations. However, there
are other models that do provide estimates for
BRCA gene mutations. The BRCAPRO model
2014 Technology Topic Selection
is based on both personal history and compre-
hensive family history data of breast and ovarian
cancer (first- and second-degree relatives), as
well as Ashkenazi Jewish ancestry (www4.
utsouthwestern.edu/breasthealth/cagene/default.
asp, accessed December 20, 2009).44 The BOA-
DICEA model incorporates data on family history
of breast, ovarian, prostate, and pancreatic
cancer, and also includes estimates of both
breast and ovarian cancer risk (www.srl.cam.
ac.uk/genepi/boadicea/boadicea_home.html, ac-
cessed December 20, 2009).45 The Tyrer-
Cuzick model uses not only comprehensive
data on family history and Ashkenazi Jewish
ancestry but also data on menstrual and
reproductive history, previous biopsy showing
either LCIS or atypia, height, and body mass
index (www.ems-trials.org/riskevaluator, ac-
cessed December 20, 2009).46

Although breast imaging facilities routinely
collect most of the data required by the various
models for calculating breast cancer and BRCA
gene mutation risk, radiologists generally have
neither training nor expertise in using the models,
performing the calculations, and interpreting the
results. Therefore, many find it helpful to partner
with a nearby high-risk clinic, staffed by health
care professionals who specialize in risk assess-
ment and genetic counseling. However, for many
women, the radiologists who interpret their breast
imaging examinations may be more aware of the
likelihood that they may be at high risk for future
breast cancer than any of their other health care
providers. For this reason, it is advisable for radiol-
ogists to develop a basic understanding of risk
assessment, to know whether a given request for
high-risk screening is appropriate.
MAMMOGRAPHIC BREAST DENSITY
ASSOCIATED WITH A HIGH RISK FOR
DEVELOPING BREAST CANCER

There is a growing body of evidence of an inde-
pendent association between breast density as
depicted at mammography and subsequent risk
of developing breast cancer. Observational
studies have shown a statistically significant
increase in relative risk for progressively increasing
categories of breast density.22–27 In the United
States and in many other countries, breast density
is usually described according to the 4 categories
defined in the Breast Imaging Data and Reporting
System (BI-RADS) of the American College of
Radiology (ACR): almost entirely fatty (0%–24%),
scattered areas of fibroglandular density (25%–
50%), heterogeneously dense (51%–75%), and
extremely dense (>75%).47 The most frequently
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described result is that the relative risk of women
having extremely dense breasts (R75% dense)
is 4 to 6 times that of women with almost entirely
fatty breasts (0%, <1%, or <10% dense).22–27

However, these seemingly high levels of risk
may be misleading. All the breast cancer risk
factors described earlier are present in only a small
minority of women, so it is clinically relevant to
consider absence of these risk factors as repre-
senting average risk. This is not the case for
mammographic breast density. Fewer than 10%
of screening mammography examinations in the
United States are categorized during image inter-
pretation as showing almost entirely fatty breasts,
and fewer than 10% of examinations are inter-
preted as showing the breasts to be extremely
dense.48 Therefore, more than 80% of screening
examinations show breasts with scattered areas
of fibroglandular density or heterogeneously
dense breasts. The relative risk for the heteroge-
neously dense compared with the scattered areas
category is less than 1.5 in all studies.22–27

Compared with breasts of average density (those
approximately 50% dense, at or near the threshold
between the scattered areas and heterogeneously
dense categories), the relative risk for heteroge-
neously dense breasts is less than 1.2 in all
studies, and the relative risk for extremely dense
breasts is less than 2.1.22–27
BREAST IMAGING APPROACHES TO
SCREENING ASYMPTOMATIC WOMEN
AT HIGH RISK FOR CANCER

In devising strategies to screen asymptomatic
women at high risk for breast cancer, the following
types of evidence should be assessed, in order of
decreasing quality and reliability: systematic
reviews and meta-analyses of randomized
controlled trials (RCTs), individual RCTs, non-
randomized intervention studies (cohort and
case-control studies), observational studies,
nonexperimental studies (case series), and expert
opinion.49 The only high-quality evidence support-
ing recommendations for routine periodic cancer
screening using breast imaging come from the
several RCTs of screening mammography per-
formed in the United States and Europe, involving
nearly 500,000 subjects.50–57 All but 1 of these
RCTs demonstrated a statistically significant
reduction in breast cancer mortality among the
populations invited to screening. Overall, based
on a recent meta-analysis of the RCTs, there was
a 20% reduction in breast cancer mortality among
the women invited to screening.58 However, none
of the RCTs were designed to study screening
mammography among women of any age at high
2014 Technology Topic Selection
risk. Therefore, screening strategies for these
women must be based on less–scientifically
rigorous evidence. Given the clinical context that
there is a known subset of women at very high
risk (hence, sufficiently high disease prevalence
and incidence), coupled with the combination of
rapid tumor growth, early age at diagnosis, lower
than usual sensitivity of screening mammography,
and possible poor response to therapy, most
health care providers are willing to accept more
intuitive approaches to screening, based on
observational studies, case series, and expert
opinion.

Within the past few years, several national
medical organizations have developed guidelines
and recommendations for screening women at
high risk using breast imaging. First was the Amer-
ican Cancer Society (ACS), which published
guidelines for screening with MR imaging as an
adjunct to mammography in 2007.59 More
recently, the National Comprehensive Cancer
Network (NCCN) issued parallel guidelines,60

followed by recommendations for mammography,
MR imaging, and US made jointly by the Society of
Breast Imaging (SBI) and the ACR.61 There are
only minor differences in the guidelines and
recommendations of these several organizations,
although those of the SBI/ACR are more compre-
hensive. This article discusses separately the roles
of mammography, MR imaging, and US in
screening women at high risk, primarily because
the strengths and limitations of these imaging
modalities differ considerably, resulting in different
recommendations for their use.
Mammography

As stated earlier, screening mammography is the
only breast imaging modality validated by multiple
RCTs and meta-analyses to reduce breast cancer
mortality. Most national medical organizations in
the United States, weighing this and other benefits
against the several harms of screening (false-posi-
tive–induced anxiety, inconvenience, cost, and
occasional morbidity, as well as overdiagnosis),
have endorsed the routine annual use of
mammography beginning at age 40 years. These
organizations include the ACS, NCCN, SBI, ACR,
the American College of Obstetricians and Gyne-
cologists (every 1–2 years at ages 40–49 years),
and the American College of Surgeons. The wide-
spread use of screening mammography in the past
several decades has contributed substantially to
the nearly 30% reduction in breast cancer
mortality observed in the United States.56,62,63

Given that routine screening mammography is
already recommended in almost all (if not all)
9 of 77
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countries that have widely available mammo-
graphic service (annually, starting at age 40 years
in the United States), the primary screening
mammography issue for women at high risk is
whether to lower the age at which screening
should begin, and if so, to what age.

There are theoretic advantages and limitations
to screening mammography in women less than
the age of 40 years. Potential advantages include
the long life expectancy of younger women
and the low frequency of comorbidity. Reduction
in breast cancer mortality in younger women, in
the absence of substantial comorbidity, by defini-
tion would add many quality-adjusted life years
(QALY), the most frequently used metric in assess-
ing cost-effectiveness. If one is willing to infer the
existence of some mortality reduction, by extrapo-
lation from RCT data involving older women, as
well as the observation of similar cancer detection
rates in screening women at high risk aged 30 to
39 years versus women at average risk aged 40
to 49 years (Table 1), then there would be substan-
tial benefit.

Potential limitations to screening mammog-
raphy in women less than the age of 40 years
include the reduced frequency of breast cancer,
somewhat reduced sensitivity of mammography,
slightly increased radiation risk, and the sugges-
tion of an increase in recall rate. However, the
recall rate issue seems to be spurious, because
the apparent overall increase in recall rate among
women less than 40 years of age disappears
when examinations are segregated by availability
of previous examinations for comparison; absence
of previous examinations is the strongest factor
producing increased recall rate,64 and younger
women are more likely to have baseline examina-
tions (Table 2).

The risk of radiation oncogenesis imparted at
mammography is exceptionally small, because of
the very low doses imparted at mammography
and the relative insensitivity of the mature breast
to the carcinogenic effects of ionizing radiation.
At the usual lower age limit for screening (age 40
Table 1
Cancer detection rates for screening mammography
and at ages 40 to 49 years for all women

Age Range (y) Examinations

30–39 3252

40–49 65,209

Data are from the screening mammography practice at the Un
from 1985 to 2009. At UCSF, screening mammography is recom

2014 Technology Topic Selection
years), estimates of radiation risk are tiny, and
are considered minor in comparison with the
proven benefits of breast cancer mortality reduc-
tion.65 However, at younger ages, especially less
than 30 years, the breast seems to be more radio-
sensitive, not only as demonstrated by the age-
dependent risk among women with Hodgkin
disease who received chest radiation therapy
before the age of 30 years,9 but also among Japa-
nese atomic bomb survivors, women receiving
radiation therapy for postpartum mastitis, fibroa-
denomatosis, and other benign breast conditions,
as well as women exposed to high cumulative
doses of chest radiation when undergoing
repeated fluoroscopic monitoring of artificial pneu-
mothorax as treatment of tuberculosis.65 In the
age range 30 to 39 years, for which benefit is
presumed but not proven and for which radiation
risk is only slightly higher than at age 40 years
and older, expert opinion indicates that benefit
substantially exceeds risk, so concerns about
radiation oncogenesis should not limit the accept-
ability of screening mammography in women at
high risk for future breast cancer.61 Benefit/risk
ratios are somewhat less favorable for women in
their 20s, but, among this age cohort, it is
observed that more than half of the benefit and
less than half of the radiation risk is found in
women aged 25 to 29 years, so expert opinion
supports the acceptability of screening mammog-
raphy down to age 25 years, but only for those
women at the highest levels of future breast
cancer risk.61

The sensitivity of screening mammography has
also been shown to be age-dependent, lower in
younger than in older women, and lowest for
women younger than 40 years.66,67 The major
explanation for this reduced sensitivity is the
tumor-masking effect of dense fibroglandular
tissue, which is present more frequently in younger
women. For the subset of women at very high risk
younger than 40 years who have also undergone
screening MR imaging, the sensitivity of mammog-
raphy is very low indeed, principally because of the
at ages 30 to 39 years for women at high risk

Cancers
Cancer Detection
Rate (/1000)

11 3.4

216 3.3

iversity of California San Francisco (UCSF) Medical Center,
mended at ages 30 to 39 years only for women at high risk.
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Table 2
Recall rates for screening mammography at less than 40 years of age for women at high risk and
at ages 40 to 70 years and older than 70 years for all women, depending on whether interpreted
in comparison with previous examination(s)

Age Range (y) Examinations Recalls Recall Rate (%)

All examinations

<40 4727 336 7.11

40–70 108,087 6245 5.78

>70 27,730 1266 4.57

Total 140,544 7847 5.58

Examinations interpreted in comparison with previous examination(s)

<40 1450 53 3.66

40–70 86,489 3784 4.38

>70 24,426 918 3.76

Total 112,365 4755 4.23

Examinations interpreted without comparison with previous examination(s)

<40 3277 283 8.64

40–70 21,598 2461 11.39

>70 3304 348 10.53

Total 28,179 3092 10.97

Data are from the screening mammography practice at the UCSF Medical Center, from 1997 to 2009. At UCSF, screening
mammography is recommended at less than 40 years of age only for women at high risk. Recalls 5 all abnormal interpre-
tations (BI-RADS assessment categories 0, 4, or 5). Recall rate 5 number of recalls divided by number of examinations.
When considering all examinations, the recall rate seems to be lower for women less than 40 years of age than for older
women, but, after accounting for whether examinations were interpreted in comparison with previous examination(s),
this difference in recall rate is no longer present. A likely explanation is that a greater proportion of women less than 40
years of age are undergoing baseline examinations, at which there are no previous examinations and at which the recall
rate is known to be significantly and substantially higher. This explanation, based on less extensive data, initially was
proposed in Sickles EA. Successful methods to reduce false-positive mammography interpretations. Radiol Clin North
Am 2000;38(4):693–700.
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many mammographically and clinically occult
cancers that are identified at MR imaging.41

However, despite lower sensitivity (all women
<40 years of age) or very much lower sensitivity
(women <40 years of age who also undergo
screening MR imaging), there still is presumed
benefit in screening with mammography, because
some mammographically visible cancers (espe-
cially ductal carcinoma in situ [DCIS] presenting
as a small group of microcalcifications) are not de-
picted at MR imaging.41 Furthermore, the ongoing
switch among radiology practices from the use of
screen film to digital mammography is likely to
result in improved sensitivity in screening women
at high risk younger than 40 years, because the
use of digital mammography has been shown to
result in superior performance (including higher
sensitivity) for women aged less than 50 years
who are pre- or perimenopausal and who have
dense breasts.68,69

This leaves the observed low frequency of
breast cancer as the principal limitation to
2014 Technology Topic Selection
screening women less than 40 years of age. In
the United States, fewer than 7% of all breast
cancers are found in women younger than 40
years.70 Described in other terms, the likelihood
of breast cancer diagnosis in the next 10 years
for an 30-year-old woman at average risk is only
0.4% (1 in 250).38 The efficacy of screening is
reduced if there is a low prior probability of disease
in the screened population, and this is a major
reason why screening mammography is not rec-
ommended for women at average risk in their
30s. However, given the proven efficacy and
widely accepted use of screening mammography
for women at average risk beginning at 40 years
of age, it seems reasonable to screen women at
high risk at any age less than 40 years if their
current risk is either equal to or greater than that
of a 40-year-old woman at average risk, because
these women have a sufficiently high prior proba-
bility of disease.

Ultimately, the decision about when to begin
high-risk screening mammography depends on
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Breast Imaging to Screen Women at High Risk 865
the balance between benefits and harms. In terms
of benefit, women with the full spectrum of breast
cancer risk discussed earlier (except for the lower
risk levels imparted by dense breasts alone) can
be expected to have risk levels in their 30s
exceeding that of a 40-year-old woman at average
risk, so it is reasonable to support high-risk
screening mammography in this decade. Because
breast cancer is exceedingly rare among women
less than the 30 years of age,70 except for BRCA
mutation carriers and in other exceptional circum-
stances, age 30 years seems to be the appropriate
lower age limit for screening mammography
among women at high risk. For known carriers of
the BRCA1 mutation, breast cancer risk is suffi-
ciently high at age 20 years to possibly justify
screening,41 but concerns about radiation risk
among such young women suggest that, instead,
the beginning age for screening mammography
should not be before age 25 years.61 The breast
cancer risk of BRCA2 mutation carriers also is
sufficiently high to support the start of screening
mammography at age 25 years.41

Among the guidelines and recommendations
recently issued by national medical organizations
in the United States, those made jointly by the
SBI and ACR specifically list the indications for
Table 3
Recommendations on periodic high-risk screening m
organizations in the United States

Indication

BRCA mutation carriersa,b

Untested first-degree relatives of BRCA mutation car

Lifetime breast cancer risk 20% or greatera,b,d

Chest radiation therapy between age 10 and 30 ya,b

Personal history of breast cancer (invasive carcinoma

Previous breast biopsy showing LCISb

Previous breast biopsy showing ADH or ALH

Personal history of invasive ovarian carcinoma

Mother or sister with early-onset breast cancer

These are the recommendations of the SBI and ACR.61 The rec
the age at which routine screening mammography is recomm
States, is 40 years according to these and many other nationa

a Recommendations attributed to the ACS, by inference, in
mammography.59 These recommendations include women w
syndromes and their first-degree relatives (not recommended

b Recommendations attributed to the NCCN, by inference, i
mammography.60 These recommendations include women w
syndromes and their first-degree relatives (not recommended

c Age 30 years but not before age 25 years.
d As defined by a risk-assessment model that is largely depe
e Age 30 years (but not before age 25 years), or 10 years ea

whichever is later.
f Eight years after radiation therapy, but not before age 25
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screening mammography in women at high risk.
The ACS and NCCN guidelines discuss screening
mammography only by inference, in that they
involve screening MR imaging as an adjunct to
mammography (hence the assumption that
mammography is also recommended). The ACS
and NCCN did not consider the indications for
screening mammography in women at high risk
other than those who should also undergo
screening MR imaging. The more comprehensive
SBI/ACR recommendations are listed in Table 3,
with footnotes indicating the inferred guidelines
of the ACS and NCCN.
MR Imaging

RCTs, cohort studies, and case-control studies
have not been performed to assess the efficacy
of screening MR imaging to reduce breast cancer
mortality. Therefore, the efficacy of screening MR
imaging must be estimated based on less robust
data, and it must be remembered that, at best,
such data provide inferential evidence rather than
scientific proof.

There are several prospective observational
studies of screening MR imaging as an adjunct
to mammography. This article discusses those
ammography made by national medical

Age to Start (y)

25–30c

riersa,b 25–30c

Variablee

Variablef

, DCIS) At diagnosis

At diagnosis

At diagnosis

At diagnosis

Variablee

ommendations involve annual screening and continue to
ended for women at average risk, which, in the United

l medical organizations.
that they involve screening MR imaging as an adjunct to
ith Li-Fraumeni, Cowden, and Bannayan-Riley-Ruvalcaba
by SBI/ACR).

n that they involve screening MR imaging as an adjunct to
ith Li-Fraumeni, Cowden, and Bannayan-Riley-Ruvalcaba
by SBI/ACR).

ndent on family history (Gail model excluded).
rlier than age at diagnosis of youngest affected relative,

years.
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studies involving nonoverlapping patient popula-
tions in which multiple rounds of screening were
performed and in which at least 10 cancers were
detected at screening. In chronologic sequence
by date of publication, these include the Dutch
multi-institution study reported by Kriege and
colleagues,29 the single-institution Canadian study
reported by Warner and colleagues,30 the United
Kingdom multi-institution study reported by Leach
and colleagues,31 the single-institution German
study reported by Kuhl and colleagues,32 the
multi-institution Italian study reported by Sarda-
nelli and colleagues,33 the multi-institution Norwe-
gian study reported by Hagen and colleagues,34

and the Austrian single-institution study reported
by Riedl and colleagues.35

Interstudy comparisons are of limited value
because the eligibility criteria for entry into these
various studies differ substantially, as do other
important aspects of study design, including that
some, but not all, of the studies also involve
supplemental screening with US. However,
because all the studies involve patient populations
heavily weighted with women at high risk, it is
reasonable to analyze study findings in combina-
tion as well as individually (Table 4). When doing
so, several observations are clear. The sensitivity
of screening MR imaging is substantially higher
than that of either mammography or US (or the
combination of mammography and US); almost
all detectable cancers are identified at screening
with the combination of mammography and MR
imaging; most of the malignancies detected only
at MR imaging are small, node-negative, invasive
cancers; and screening MR imaging results in
a low interval cancer rate (see Table 4).

The superior ability of screening MR imaging to
detect clinically occult breast cancer is especially
apparent in the subset of women at very high
risk involving carriers of BRCA mutations,71 in
whom screening with mammography alone results
in limited success.29,72–74 In this select patient
population, the disparity in sensitivity between
MR imaging and mammography is greater, and
the cancers detected at MR imaging are small,
frequently node-negative, with few interval
cancers.71

The sensitivity of mammography combined with
MR imaging permits detection of virtually all
detectable cancers. As shown in Table 4, the
sensitivity of screening MR imaging across all
studies is 81%, which is increased to 92% by its
use in combination with screening mammography.
Given the interval cancer rate of approximately 6%
across all studies, the incremental benefit of
further adding screening US seems to be minimal.
In the American College of Radiology Imaging
2014 Technology Topic Selection
Network (ACRIN) high-risk screening study,
supplemental screening MR imaging was provided
to 627 self-selected women shortly after comple-
tion of the third and final screening round involving
mammography and US.75 The addition of preva-
lence MR imaging screening doubled the number
of cancers detected in this incidence screening
round (from 8 to 16); only 2 of the 16 cancers would
have been missed had screening been limited to
mammography and MR imaging.75 It is now widely
accepted that, if screening includes both
mammography and MR imaging in a given woman
at high risk, there is no need for additional US
screening.41

In clinical practice, some breast imaging centers
perform screening mammography and MR
imaging concurrently, whereas others prefer to
stagger the examinations every 6 months (for
example, mammography in October and MR
imaging in April). The theoretic advantage of
staggered examinations is the potential for detec-
tion 6 months earlier of cancers that would be
visible at both examinations; this amounts to
approximately 25% to 30% of detectable cancers
(see Table 4). However, there are also practical
advantages to concurrent screening; in addition
to increased patient convenience, it may be helpful
to compare a borderline abnormal MR imaging
examination with concurrently performed
mammography to establish the benignity of the
MR imaging finding(s). Given the absence of data
comparing the efficacies of concurrent and stag-
gered approaches, either is considered accept-
able. In my practice, we provide staggered
screening to our patients at high risk, except for
those for whom examinations on 2 separate days
would be inconvenient.

Insofar as the success of supplemental
screening MR imaging is dependent on limitations
to the success of screening mammography
among women at high risk, one would expect
superior MR imaging performance among women
with denser breasts. However, in a population of
BRCA mutation carriers screened with both
modalities, the sensitivities of MR imaging versus
mammography are reported as 86% versus 18%
for women with primarily dense (>50% dense)
breasts, and 94% versus 33% for women with
primarily fatty (%50% dense) breasts.76 Therefore,
supplemental MR imaging screening seems to
have benefit that is independent of mammo-
graphic breast density.

As discussed earlier, the decision about whether
to recommend high-risk screening depends on the
balance between benefits and harms. For MR
imaging, the observed benefits of increased sensi-
tivity, detection of small node-negative cancers,
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Breast Imaging to Screen Women at High Risk 867
and a low interval cancer rate seem to be substan-
tial, although these permit only the inference of
reduced breast cancer mortality. The observed
harms of screening MR imaging include false-
positive interpretations (resulting in recall for
additional breast imaging work-up but not cancer
diagnosis), a high percentage of probably benign
assessments (resulting in short-interval follow-up
MR imaging examinations that rarely lead to
cancer diagnosis), and recommendations for
biopsy (that do not produce a cancer diagnosis).
Table 4 displays the frequencies of false-positive
results for screening MR imaging, as best can be
determined from the source articles (which do
not describe false-positive outcomes in as much
detail as true-positive outcomes). All but 1 of the
studies of screening MR imaging also reports at
least 1 calculation of specificity, albeit with vari-
able definitions of false-positive examinations.
Specificity is uniformly reported to be lower for
screening MR imaging than for screening
mammography, indicating poorer perfor-
mance.29–33,35 Furthermore, the overall frequen-
cies of probably benign assessments (8%) and
biopsies performed for MR imaging–detected
abnormalities (4%), shown in Table 4, are consid-
erably higher than those observed for screening
mammography among women at average risk.77

However, these unfavorable false-positive
results are balanced, at least somewhat, by the
additional report that the likelihood of malignancy
(positive predictive value) among lesions under-
going biopsy based on screening MR imaging is
acceptably high (41%, see Table 4), being some-
what higher than that reported for screening
mammography in women at average risk (25%).77

Such a higher positive predictive value in screening
women at high risk might be expected, because of
the greater prior probability of cancer.

The other factor that limits the effect of the high
false-positives reported for screening MR imaging
is that false-positive MR imaging rates are
reported to be substantially lower at incidence
screening than at the initial prevalence screen.30

This likely occurs not only because of the learning
process for screening MR imaging interpretation
such that increased experience leads to fewer
false-positives (as already shown for mammog-
raphy),78 but also because false-positive rates
generally are lower when current examinations
are compared with previous examinations.64

Most health care providers seem willing to
consider that the inferred benefits of screening
MR imaging (substantial numbers of additional
cancers detected) outweigh the observed harms
of high false-positives. This is mirrored by
the same national medical organizations that
2014 Technology Topic Selection
recommend screening mammography for women
at high risk also recommending supplemental
screening with MR imaging.59–61 The ACS, the first
organization to develop screening MR imaging
guidelines, recommends screening MR imaging
only for women at very high risk (several specific
risk factors, as well as lifetime risk estimated to
be at least 20% using risk assessment models
that are largely dependent on family history). The
ACS recommends against screening MR imaging
for women at a lifetime risk of less than 15% (the
woman at average risk has a lifetime risk of
approximately 12% when estimated at age 20
years). The ACS states that current evidence is
insufficient to recommend either for or against
screening MR imaging for women at high risk at
a lifetime risk between 15% and 20%, with further
clarification that screening decisions should be
made on a case-by-case basis and that payment
should not be a barrier.59 The joint SBI/ACR
recommendations and the NCCN guidelines are
similar to those of the ACS (details are given in
Table 5).

The guidelines and recommendations of all
these national organizations use estimates of
lifetime risk, which decreases with advancing
age despite breast cancer incidence progres-
sively increasing. As a result, the lifetime risk
of a 60-year-old woman, for example, may be
substantially lower than her risk at age 30 years,
whereas her risk of breast cancer diagnosis in
the next several years may be considerably
higher at age 60 years than at 30 years. The
net effect is that a woman’s lifetime risk inaccu-
rately estimates the (perhaps more clinically
relevant) shorter-term risk that she and her
health care provider often consider in deciding
on screening MR imaging. As a result, some
have proposed that a shorter term than lifetime
risk may provide a more appropriate basis for
screening guidelines.41 In this regard, a 10-year
interval of risk may be the most useful, because
this time period is sufficiently long to indicate
substantial benefit (assuming the presence of
benefit), but it is also sufficiently short to
overcome the limitations inherent in lifetime
estimates of risk. Based on data derived from
the Claus risk assessment model, Berg41 asserts
that the use of a 5% 10-year-risk threshold for
recommending screening MR imaging identifies
groups of women similar to those who have
a lifetime risk estimated to be at least 20%.

Despite the ACS suggestion that payment
should not be a barrier in deciding on screening
MR imaging, the examination indeed is expen-
sive in comparison with mammography and
US, especially when annual examinations are
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Table 4
Prospective studies of screening MR imaging involving multiple screening rounds, in which at least 10 cancers were identified

Country
Women/Screening
Examinations Cancersa Invasive Cancers Node Positiveb

Cancers Detected
at Mammographyc

Netherlands 1909/4169 45 39 5 (13) 18 (40)

Canada 236/457 22 16 2 (13) 8 (36)

United Kingdom 649/1881 35 29 5 (17) 14 (40)

Germany 529/1452 43 34 5 (15) 14 (33)

Italyh 278/377 15 11 1 (9) 9 (60)

Norwayi 491/867 21 18 6 (26) 9 (43)

Austria 327/672 27 16 2 (13) 13 (48)

Total 4419/9875 208 163 26 (16) 85 (41)

Country

Cancers Detected at:

Interval CancerscUSc MR Imagingc MammographyDUSc
Mammography
DMR Imagingc

Netherlands — 32 (71) — 40 (89) 4 (9)

Canada 7 (32) 17 (77) 12 (55) 20 (91) 1 (5)

United Kingdom — 27 (77) — 33 (94) 2 (6)

Germany 17 (40) 39 (91) 21 (49) 40 (93) 1 (2)

Italyh 9 (60) 13 (87) 10 (67) 15 (100) 0

Norwayi — 17 (81) — 18 (86) 2 (10)

Austria 11 (41) 23 (85) 13 (48) 25 (93) 2 (7)

Total 44 (41) 168 (81) 56 (52) 191 (92) 12 (6)
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Country

MR Imaging False-positives
PPV3 (Biopsy
Performed)gRecallsd Probably Benigne Biopsy Performedf

Netherlands 177 (4) 275 (7) 56 (1) 32 (57)

Canada 58 (13) 24 (5) 32 (7) 17 (53)

United Kingdom 202 (11) 169 (9) 77 (4) 27 (35)

Germany — 167 (12) 78 (5) 39 (50)

Italyh — — 24 (6) 13 (54)

Norwayi — — — —

Austria — — 101 (15) 23 (23)

Total 437 (7) 635 (8) 368 (4) 151 (41)

a Breast cancers only, including both screen-detected and interval cancers. All studies report data for only the most advanced cancer diagnosed (1 cancer per woman).
b Number of node-positive invasive cancers (%).
c Number of cancers (% of all cancers). The percentage calculation represents sensitivity.
d Number of MR imaging examinations assessed as BI-RADS category 0, 4, or 5 (% of examinations).
e Number of MR imaging examinations assessed as BI-RADS category 3 (% of examinations).
f Number of MR imaging examinations assessed as BI-RADS category 0, 3, 4, or 5 for which fine-needle aspiration, core, or surgical biopsy subsequently was performed (% of
examinations).
g PPV, positive predictive value. Number of cancers detected at MR imaging (number of cancers detected at MR imaging divided by the number of biopsies performed for MR
imaging–detected abnormalities,f expressed as %).
h Three of 18 cancers are excluded because either mammography, US, or MR imaging was not performed.
i Four of 25 cancers are excluded because either mammography or MR imaging was not performed.
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Table 5
Recommendations on periodic high-risk screening MR imaging made by national medical
organizations in the United States

Indication Age to Start (y)

BRCA mutation carriers 30

Untested first-degree relatives of BRCA mutation carriers 30

Lifetime breast cancer risk 20% or greater 30

Chest radiation therapy between age 10 and 30 y Variable

These are the recommendations of the SBI and ACR.61 The recommendations involve annual screening, and continue to
the age at which routine screening mammography stops because of limited life expectancy, substantial comorbidity, or
unwillingness to undergo additional testing (including biopsy), if recommended, and cancer treatment, if appropriate.
The ACS and NCCN also recommend screening MR imaging for women with Li-Fraumeni, Cowden, and Bannayan-
Riley-Ruvalcaba syndromes and their first-degree relatives, starting at age 30 years. The NCCN also recommends screening
MR imaging for women with a biopsy diagnosis of LCIS (starting at diagnosis), based on 1 single-institution study that
demonstrates cancer detection in 5 of 135 women.

Data from Port ER, Park A, Borgen PI, et al. Results of MR imaging screening for breast cancer in high-risk patients with
LCIS and atypical hyperplasia. Ann Surg Oncol 2007;14(3):1051–7.
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planned. A recent cost-effectiveness study re-
ported acceptable cost per QALY-gained data
(<$100,000) for annual screening MR imaging,
but only for women at highest risk (known
BRCA1 mutation carriers from 35–59 years of
age and known BRCA2 mutation carriers from
40–49 years of age).79 This same study reports
the cost-effectiveness in QALY gained for
screening mammography for the even wider
age range of 25 to 69 years as being highly
favorable, only $18,952 and $28,421 for
BRCA1 and BRCA2 carriers, respectively; the
study also reports that the incremental effect
of adding screening MR imaging from ages 25
to 29 years to any range of older women adds
more than $300,000 per QALY gained.79

Comparison of the data in Tables 3 and 5
shows a large discrepancy in the groups of
women recommended for screening mammog-
raphy and MR imaging, according to SBI/ACR
guidelines. The basic difference is that women
in the intermediate-risk group (several specific
risk factors and 15%–20% lifetime risk) are rec-
ommended for screening mammography at ages
30 to 39 years, but not routinely for screening
MR imaging at any age (only on a case-by-
case basis). There are several reasons to
recommend screening mammography among
these women: inference of a benefit in mortality
reduction from extrapolation of RCT results,
mammography for women in this group yields
a similar cancer detection rate to that for
women at average risk in their 40s (see Table 1),
and women in this group have a breast cancer
risk equal to or greater than that of a 40-year-
old woman at average risk. Screening MR
imaging is not routinely recommended in these
2014 Technology Topic Selection
women, at least in part because, compared
with mammography, it has more frequent false-
positives, is more expensive, takes longer to
perform and interpret, requires an intravenous
injection, and has more frequent intolerances
(reports from 2 high-risk screening studies indi-
cate MR imaging nonparticipation rates of 9%
and 42%).80,81
US

As with screening MR imaging, RCTs, cohort
studies, and case-control studies have not been
completed to assess the efficacy of screening
US to reduce breast cancer mortality. Therefore,
the efficacy of screening US also must be esti-
mated based on less robust data, and, at best,
such data provide inferential evidence rather than
scientific proof.

However, there are several single-institution
observational studies of screening US as an
adjunct to mammography. The eligibility criteria
for entry into these studies differ substantially,
as do other important aspects of study design.
Nonetheless, because the studies each involve
patient populations heavily weighted with
women at high risk, it is reasonable to analyze
study findings in combination. Berg38 has
summarized the outcomes reported in these
studies, comprising almost 50,000 examinations
(see Table 2 in Ref.38). Overall, the incremental
cancer detection rate provided by screening
US is 3.6 per 1000 examinations, 94% of the
cancers are invasive, more than 70% are 1 cm
in size or smaller, and 86% are node-negative.38

However, the potential effect of the encouraging
results reported in these several studies is
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limited by several aspects of experimental
design: performance of each study at only
a single institution or breast imaging practice,
US interpretive criteria used in each study not
fully described, only 1 round of screening US
performed (1 of the studies included multiple
rounds of screening but did not separately
report outcomes at prevalence and incidence
screening), interpretation of screening US exam-
inations not done independently of mammog-
raphy, false-positive outcomes reported
incompletely, and interval cancer rates not
reported at all.

To overcome these deficiencies, as well as to
provide more complete evidence on the efficacy
of screening US, ACRIN has conducted a multi-
institution prospective study involving 3 rounds
of screening.82 The first screening round resulted
in incremental cancer detection outcomes that
were strikingly similar to those reported for the
several previous single-institution studies, albeit
with high false-positive rates.83 Preliminary results
from the 2 incidence screening rounds were pre-
sented recently, showing similar cancer detection
rates, but somewhat lower false-positive rates
than those observed at prevalence screening.84,85

There are particularly pertinent data from the 4
screening MR imaging studies among women at
high risk that also include screening US (discussed
earlier), 1 of which is a multi-institution study.
Outcomes are summarized in Table 4. Overall,
these studies show modest incremental rates of
cancer detection and sensitivity for screening US
beyond what is detected at mammography, similar
to the results reported for the several single-
institution US-only studies and for the
multi-institution ACRIN study. However, these
studies also show that screening US performance
in detecting cancer is far inferior to that of
screening MR imaging (at false-positive rates
similar to those of MR imaging), and that screening
US provides no substantial incremental increase in
cancer detection beyond that achieved by the
combination of screening mammography and
MR imaging (see Table 4). Therefore, screening
MR imaging seems to be more effective than
screening US as an adjunctive examination to
mammography for women at very high risk,
leading to the suggestion that screening US
should be considered only if MR imaging is
unavailable, impractical, or poorly tolerated by
a given woman.

Although MR imaging is the preferred examina-
tion to screen women at very high risk, some have
proposed the use of screening US for those
women in the so-called intermediate-risk group
of women (those with a personal history of breast
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cancer, previous biopsy diagnosis of LCIS or aty-
pia, or a family history from which lifetime risk of
breast cancer is estimated at 15%–20%) who,
after consideration on a case-by-case basis, do
not undergo screening MR imaging.41 Despite its
limited efficacy compared with MR imaging, there
are several reasons why screening US might be
considered in this scenario. It is more readily avail-
able, less expensive, better tolerated, and does
not require intravenous injection. However, when
used as in almost all the reported observational
studies, as a physician-performed examination
using a hand-held transducer, screening US is
a more time-consuming examination for the
interpreting physician than MR imaging, one that
may become a major time sink. In the ACRIN
study, the median duration of a physician-
performed screening US examination was 19
minutes.83 For this reason, many breast imaging
practices have decided not to provide screening
US services for this, or any other, indication.

Even more problematic when considering work-
force issues is the consideration of whether
screening US should be offered to all women
with mammographically dense breasts. There
already is evidence among women at intermediate
risk demonstrating incremental cancer detection
beyond that achieved by screening mammog-
raphy, albeit at much higher false-positive
rates.83,86–92 However, as discussed earlier, the
presence of dense breasts alone may not impart
enough risk to justify screening (because the
added risk beyond that of women with average-
density breasts is not particularly high). For women
with dense breasts with no other substantial risk
factors, who are at only slightly higher than
average risk, why not simply consider the use of
screening US for purposes of incremental cancer
detection?61 Given the extremely large number of
women who might be screened (approximately
half of women undergoing screening mammog-
raphy have heterogeneously or extremely dense
breasts, increasing to 90% if women with scat-
tered areas of fibroglandular density also are
included),48 this might be reasonable if the magni-
tude of incremental cancer detection is similar to
that demonstrated for intermediate risk and
women at very high risk (not yet known), if false-
positive rates are acceptably low (not yet known),
if the cost of examination is acceptably low (similar
to that of screening mammography), and if work-
force issues are solved by automated rather than
physician-performed hand-held approaches to
screening US (encouraging results are already re-
ported for one automated US screening device).93

Among women with primarily fatty breasts,
screening US as an adjunct to mammography
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has been shown to be ineffective in incremental
cancer detection.38,89–91 So, until sufficient
evidence is reported to justify the use of screening
US for all women with dense breasts, perhaps
the better way to consider this issue is that, for
now, fatty breasts are a contraindication to
screening US.

Two large-scale studies involving screening
US are already underway that may provide the
necessary evidence on the usefulness of
screening US for women with dense breasts.
An RCT has been started in Japan, designed
to study 50,000 women with screening
mammography and handheld US performed by
a technologist or a physician and then inter-
preted by a physician (and 50,000 controls
with screening mammography only).94 The
defined study population is women aged 40 to
49 years, because this is the age range in Japan
at which breast cancer incidence peaks, and
because a high percentage of Japanese women
in this age range have dense breasts. The
primary end points of this trial are sensitivity
and specificity, so data on both incremental
cancer detection and false-positives should be
forthcoming. The rate of advanced cancers will
also be measured, because this has been
demonstrated in the screening mammography
RCTs to be a surrogate for reduction in breast
cancer mortality.58 However, this trial has
several limitations: the screening interval is 2
years, despite evidence that screening
mammography at age 40 to 49 years is more
effective with annual screening58,95; the study
population being so different from those in
Western countries may limit the generalization
of study outcomes; and the study likely is
underpowered to provide follow-up data on
breast cancer deaths because of the low breast
cancer risk of native Japanese women, and also
because women with fatty breasts are not
excluded from the study.

The second study is a nonrandomized multi-
institution effort involving multiple annual
screening rounds, conducted primarily in the
United States, using a matched-pair design
similar to that of the ACRIN study, assessing
the performance of screening mammography
alone versus the combination of screening
mammography and US. However, this is
a much larger-scale study than the ACRIN study
(approximately 25,000 women with dense
breasts), with no emphasis on recruiting an
especially high-risk population of women with
dense breasts, using automated rather than
hand-held US, and involving US scanning
of only the dense portions of the breasts.
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Interpretation of both mammography and US
examinations is done using the standard
batch-reading approach used for screening
examinations, with mammography and US
examinations read independently by different
radiologists. The primary study end point is
sensitivity; the rate of advanced cancers is
also measured. Study strengths include use of
a more workforce-efficient, purely screening
approach to US, and large-scale multi-institution
design in a population of women likely to be
representative of all women with dense breasts
in Western countries. Study limitations are non-
randomized experimental design and inability
to study breast cancer deaths as an end point.

One other issue concerning screening US
deserves discussion. Almost all current data
comparing the performance of mammography
alone with that of mammography plus US
involves screen-film mammography.30,32,33,86–92

However, digital mammography is currently in
the process of replacing screen-film mammog-
raphy, largely because of research that shows
superior performance of digital mammography
for women younger than 50 years, who are
pre- or perimenopausal, and who have dense
breasts.68,69 As indicated earlier, the improved
performance of adjunctive screening with US is
observed primarily in women with dense
breasts,38,89–91 most of whom also are younger
than 50 years and pre- or perimenopausal.
Therefore, it is likely that the gradual but steady
switch from screen film to digital mammography
is resulting in improved mammography perfor-
mance and, consequently, in diminished benefit
for supplemental screening with US. However,
the potentially limiting effect of digital mammog-
raphy on screening US performance, not
incorporated into most of the data produced
by the already reported studies, is indeed
factored into the currently ongoing hand-held
US study in Japan and the automated US study
in the United States, because the mammog-
raphy component in both these studies involves
digital mammography alone.
Other Imaging Modalities

Breast imaging modalities other than mammog-
raphy, MR imaging, and US have also been
used for purposes of cancer detection. Nuclear
medicine imaging, initially using standard
gamma cameras,96,97 but more recently with
higher-resolution breast-specific equipment,98

and also with positron emission scanning,99

has been performed principally in the diagnostic
setting, although there is 1 preliminary report
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suggesting possible efficacy for screening
women at high risk.100 Breast-specific computed
tomography (CT) scanning, initially studied in the
late 1970s using prototype equipment that then
was abandoned,101,102 is now being investigated
with renewed interest. Several research groups
are developing dedicated breast CT scanners,
and a preliminary report indicates some degree
of incremental cancer detection beyond that
provided by mammography.103 Most promising
in this regard is the use of contrast-enhanced
CT scanning, which, theoretically, may provide
similar cancer detection ability to that currently
achieved by screening MR imaging.104 Ther-
mography, although widely evaluated in the
1970s and found to be ineffective
for screening,105,106 continues to be modified
and, presumably, improved; the most recent
adaptations of thermographic imaging have not
been tested extensively. Breast transillumina-
tion,107–109 electrical impedance spectros-
copy,110,111 near infrared spectroscopy,110,112

and microwave imaging110,113 also have yet to
demonstrate screening efficacy. In summary,
current screening applications involving any of
these modalities are considered investigational.
Future Developments

Active research is underway involving new appli-
cations of mammography, MR imaging, and US
technology. For mammography, several tomo-
synthesis approaches are being developed that
promise to increase the detection of some
cancers currently not depicted in dense breasts
using either screen-film or digital imaging, simul-
taneously substantially reducing the frequency
of false-positive screening outcomes by verifying
the benignity of most recalled lesions that are
determined to represent summation artifact
(superimposition of normal breast structures)
at diagnostic mammography.114–116 For MR
imaging, new applications using either diffusion
imaging117,118 or spectroscopy119–122 may
permit early cancer detection without the need
for intravenous contrast injection. For both MR
imaging and US, studies of the differential
elasticity of benign and malignant breast
structures may permit earlier detection of some
cancers that currently are not depicted.123–125

If 1 or more of these currently investigational
applications eventually demonstrates screening
efficacy, especially efficacy of considerable
magnitude, the current balance of usefulness
among mammography, MR imaging, and US
may change, perhaps substantially.
2014 Technology Topic Selection
SUMMARY

Although there currently is no evidence of reduced
breast cancer mortality for screening women at
high risk with mammography, MR imaging, or
US, the presumptive evidence of early cancer
detection provided by numerous observational
studies has led to the publication of guidelines
and recommendations for the selective use of
these imaging modalities. In general, annual
screening mammography is recommended for
women of appropriately high risk beginning at
age 30 years, supplemental screening with MR
imaging is recommended for a subset of women
at very high risk, and screening US is suggested
for women for whom MR imaging is appropriate
but unavailable, impractical, or poorly tolerated.
The use of screening US remains controversial
among women who have no substantial risk
factors other than dense breasts.
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The article in this month’s issue of 
Radiology by the California Breast 
Density Information Group (CB-

DIG) (1) is a balanced evaluation of 
the clinical impact of breast density 
both as a risk factor for the develop-
ment of breast cancer and in reducing 
sensitivity for early detection of breast 
cancer. To briefly summarize the CB-
DIG review of the literature, at the 
clinical (individual patient) level, the 
cancer risk imparted by breast den-
sity is less important than the mask-
ing effect of dense breast tissue on 
the ability of mammography to depict 
early cancer. This conclusion is not 
unique to the CBDIG; it is repeated 
in the new edition of the American 
College of Radiology’s Breast Imaging 
Reporting and Data System (BI-RADS) 
(2), forming part of the rationale for 
eliminating quartile estimates of per-
centage dense tissue when classifying 
breast density into four categories for 
use in the mammography report. By 
using only the text descriptions for 
the two denser categories (heteroge-
neously and extremely dense), which 
specifically relate to the masking effect 
of dense breast tissue, the interpreting 
radiologist will classify breast density 
in a more clinically relevant manner.

Complicating discussion of the 
density-related effects of cancer risk 
and masking is legislation in nine states 
(including California) mandating the 
reporting of breast density in the lay 
letter sent to all women undergoing 
mammography, accompanied by text 
that suggests possible benefit if sup-
plementary screening is added to the 
mammographic examination already 
performed. Because these are two dis-
tinctly separate issues with more robust 
data supporting the masking effect of 
breast density, the legislation, which 
tends to blend these issues, may cause 
confusion for women sent information 
regarding their “dense“ breast status. As 

with most complex issues, there is not a 
“one-size-fits-all” answer.

The CBDIG article also describes 
the relative strengths and limitations 
of supplementary screening with either 
magnetic resonance (MR) imaging or 
ultrasonography (US) for women with 
dense breasts, appropriately recom-
mending a nuanced approach based pri-
marily on the likelihood of malignancy 
for a given woman as indicated by her 
own specific breast cancer risk factors. 
For the very-high-risk woman, supple-
mentary screening is advisable because 
there is a greater likelihood that can-
cer indeed is there to be detected. For 
the near-average-risk woman (dense 
breasts as the only risk factor), neither 
supplementary screening examination 
may be justified owing to the very low 
likelihood that a mammographically oc-
cult cancer is present and the increase 
in false-positive findings that will likely 
accompany supplementary screening 
with US or MR imaging. Most difficult 
to decide is the role of supplementary 
screening for women at intermediate 
risk (dense breasts plus one or two 
major risk factors [eg, a strong fam-
ily history of breast or ovarian cancer, 
personal history of breast cancer, or a 
previous biopsy showing a high-risk le-
sion]). However, for any given woman 
at whatever risk, if her decision is to 
proceed with supplementary screening 
(the primary goal being earlier cancer 
detection), MR imaging clearly is the 
more sensitive test so it should be con-
sidered first, with US reserved for ex-
tenuating circumstances (MR imaging 
not available, not tolerated, not afford-
able, etc) (3,4).

Breast density notification legislation 
focuses one to consider supplementary 
screening at the clinical (individual pa-
tient) level, but the addition of supple-
mentary screening raises other concerns 
that should be considered in today’s 
health care environment. In addition to 
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meaningless. Note that BI-RADS does 
not yet describe auditing procedures for 
screening with either digital breast to-
mosynthesis or automated whole-breast 
US, each of which may (depending on 
how used) also be equivalent to a diag-
nostic examination.

The importance of standardized au-
diting for all imaging modalities is that 
cross-modality comparisons are accu-
rate and clinically meaningful, which 
is especially relevant when judging the 
relative strengths and limitations of sup-
plementary screening with use of the 
various modalities. It is expected that, 
with publication of the new edition of BI-
RADS, all future clinical research should 
use auditing procedures (conduct out-
comes analyses) that follow the newly 
established BI-RADS standard and that 
peer reviewers and journal editors will 
require use of these procedures as a 
condition of acceptance for publication.
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this may be more complicated owing to 
the different approaches to examination 
(scanning only by interpreting physician, 
only by trained sonographer, or initially 
by sonographer and then by a physician 
as needed). To encompass all of these 
scanning approaches, using only objec-
tive criteria applied uniformly without 
exceptions, BI-RADS recommends as a 
standard set of images those used in the 
American College of Radiology Imaging 
Network 6666 study (4) for negative 
examinations (one image per quadrant 
plus one of the retroareolar area for each 
breast). At screening mammography in-
terpreted while the patient remains at 
the facility, obtaining only one additional 
image (other than to overcome technical 
inadequacy) causes a screening exami-
nation to be audited as incomplete (test-
positive) and the additional image(s) to 
be audited as a concurrent diagnostic 
examination, even though only one ex-
amination is performed and only one 
report is issued. Thus, at screening US, 
obtaining a full set of images of any spe-
cific finding (images in two planes, with 
and without calipers) has the same au-
diting result: The screening examination 
is audited as incomplete (test-positive) 
and the additional image(s) is audited 
as a concurrent diagnostic examina-
tion, even though only one examination 
is performed and only one report is is-
sued. Note that BI-RADS auditing does 
provide the flexibility for characteristi-
cally benign findings to be fully assessed 
at real-time imaging before recording 
only the standard images (one or more 
of which could include a characteristi-
cally benign finding), recognizing that, 
just as at screening mammography, 
there is no need to obtain a full set of 
diagnostic images for a finding assessed 
as characteristically benign (category 2). 
Screening MR imaging is different from 
both mammography and US in that the 
standard set of images recorded for a 
screening examination is the same as is 
recorded for a diagnostic examination, 
so that screening MR imaging is essen-
tially also diagnostic MR imaging. This 
affects MR imaging auditing in that the 
metrics recall rate and positive predic-
tive value within 1 year from a positive 
screening examination are essentially 

sensitivity and specificity, one also may 
take into account availability, cost, work-
force issues, and likelihood of health in-
surance coverage for MR imaging ver-
sus US—each of which adds substantial 
complexity to the analysis.

Another equally important issue re-
lates directly to the current controversy 
surrounding supplementary screening. 
What is the most meaningful way to 
compare the observed outcomes of the 
various available breast imaging modal-
ities? To date, standard auditing pro-
cedures have been developed only for 
mammography as part of BI-RADS. All 
published data on the other modalities 
are derived from outcomes analyses 
that do not rigorously follow standard 
auditing procedures, potentially con-
founding observed outcomes. Key to any 
approach to meaningful auditing is that 
procedures must be defined precisely, 
must use only objective (never subjec-
tive) criteria, must be applied uniformly 
(in this case, across all imaging modal-
ities used for breast cancer screening), 
and must not allow for exceptions. For-
tunately, the solution is at hand, spelled 
out in detail in the new edition of BI-
RADS (2), in which a standard audit-
ing approach is described for mammog-
raphy, MR imaging, and US that uses 
identical procedures wherever practical. 
This approach is based on the widely 
accepted procedures already established 
for mammography. Specifically as con-
cerns screening (and hence including 
supplementary screening), a negative 
test outcome is defined as routine exam-
ination of an asymptomatic woman, in-
volving the recording of only a standard 
set of images, accompanied by a nega-
tive (category 1) or benign (category 2) 
assessment. Complexity is introduced 
only concerning what represents the 
standard set of images. For mammogra-
phy, this is the mediolateral oblique and 
craniocaudal view of each breast. For 
MR imaging, this is a facility-designated 
set of pulse sequences obtained before 
and after contrast material administra-
tion. Although variation in timing and 
section thickness may be different from 
facility to facility, the combination of 
pre- and postcontrast sets of images for 
breast evaluation is standard. For US, 
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One important strategy for reduc
ing breast cancer mortality is 
early detection through screening 

(1). Despite a reported decline in mor
tality rates because of mammography, 
its effectiveness remains heavily de
bated. Exemplified by the breast imag
ing community’s backlash against the  
U.S. Preventive Services Task Force 
(USPSTF) for its recommendation not 
to routinely screen women aged 40–49 
years, the interpretation of available ev
idence remains a highly charged and emo
tional issue for many stakeholders (2).

Not surprisingly, breast cancer screen
ing continues to be one of the most 
heavily legislated issues in U.S. preven
tive medicine. Starting with the Mam
mography Quality Standards Act (MQSA) 
of 1992 and its reauthorizations in 1998 
and 2004, minimum national standards 
in regard to the operation of mammog
raphy equipment, film processing, im
age interpretation, and results report
ing have been instituted. These laws 
have assured that minimal process 
mea sures necessary for decreasing 
vari ability in screening practices are 
being maintained.

Breast Density Screening Legislation

Over the past decade, however, breast 
imaging has moved beyond the mam
mogram for women at increased risk. 
Screening breast ultrasonography 
(US) and breast magnetic resonance 
(MR) imaging are two of the available 
tools that can increase sensitivity for 
detecting early cancers, especially 
among women with dense breasts, who 
may have cancers obscured by large 
amounts of overlapping fibroglandular 
tissue. Given the rapid diffusion of these 
technologies and a movement toward 
increased shared decision making (as 
recommended by the USPSTF), there is 
now a push by patient advocacy groups 

for new legislation that would mandate 
disclosure of breast density informa
tion directly to women.

As of April 2012, Connecticut, Texas, 
and Virginia have adopted such a re
porting requirement for women with 
dense breasts, and at least 10 additional 
states will consider similar bills in 2012. 
At a national level, the Breast Density 
and Mammography Reporting Act (H.R. 
1302) was introduced in the 112th U.S. 
Congress and would require that every 
mammography report “contain infor
mation regarding the patient’s breast 
density and language communicating 
that individuals with more dense 
breasts may benefit from supplemental 
screen ing tests” (3). If strictly enforced, 
these recently passed and proposed 
state and federal laws may drastically 
change screen ing practices for women 
with dense breasts.

Reporting Breast Density to Patients

Women with breast density in the up
per quartile have an associated three to 
five times greater risk of developing 
breast cancer relative to women with 
breast density in the lower quartile, even 
after adjusting for associated risk factors 
such as age and body mass index (4–
7). A previous “masking bias” hypo
thesis—that the observed higher rela
tive risk was solely due to mass 
obscuration by dense tissues at mam
mography—has been debunked by re
cent large cohort studies (5,8–10). In
deed, breast density is now an 
established independent risk factor for 
developing breast cancer, irrespective of 
the influence of other known risk fac
tors, method of density measurement, 
or patient population studied (11). Be
cause dense breasts are common, with 
31%–43% of the general screening pop
ulation having heterogeneously dense or 
extremely dense breasts at mammog
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raphy (4), a mandate to disclose the 
associated increased risk for cancer di
rectly to individual patients seems 
ethical, reasonable, and appropriate.

Supplemental Screening

The question remains, however, as to 
what supplemental screening studies 
patients should be referred to after be
ing informed about their dense breasts. 
US, given its wide availability and rela
tively low direct medical costs, is likely 
the most promising adjunct screening 
modality currently available. In a recent 
report (12) from the American College 
of Radiology Imaging Network (ACRIN) 
6666 investigators, the addition of a 
screening US examination for women 
with dense breast tissue and at least 
one other known risk factor resulted in 
an additional 4.3 cancers detected per 
1000 women screened. This finding was 
commensurate with findings in prior 
multicenter trials (13–15). In addition, 
ACRIN 6666 investigators found that 
3.7 additional cancers were detected 
per 1000 women in the second and 
third rounds of screening (incidence 
rounds). Across all recent studies, the 
majority of cancers detected by using 
additional US are node negative, theo
retically leading to earlier treatment for 
lowerstage invasive cancers and possi
bly leading to improved patient survival 
(16,17).

The addition of MR imaging to 
screening regimens would markedly in
crease detection of early breast cancer, 
beyond cancers found at screening mam
mography alone or at combined screen
ing mammography and US (18–22). MR 
imaging is unaffected by breast density 
and, like US, incurs no ionizing radia
tion. In the recent ACRIN 6666 trial, 
screening MR imaging was performed 
in a subset of intermediaterisk women 
after three negative screening mam
mography and US examinations. The 
addition of MR imaging in this patient 
population yielded the detection of 14.7 
additional cancers per 1000 women 
screened (12). Several studies have re
ported similar yields from supplemental 
MR imaging after mammography in the 
highrisk population (18,20,23,24).
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However, additional screening is not 
without risks to patients. Berg et al (12) 
found that adjunct US resulted in biopsy 
in 5% of women in addition to the 2% 
sent for biopsy on the basis of mammo
graphic findings alone. At these addi
tional biopsies, only 7.4% of the women 
were found to have cancer. Moreover, 
while screening US was performed by ex
pert, trained physicians in recent studies, 
such a practice cannot easily be repli
cated in the general community given a 
current manpower shortage. If per
formed by other personnel, the recall and 
biopsy rates may become much higher. 
The addition of screening MR imaging 
rather than US to mammography in the 
general community would likely be inap
propriate given the current high false
positive rates (19,25). Indeed, 7% of 
women in the ACRIN 6666 study under
went biopsy on the basis of MR imaging 
findings alone (12). MR imaging is also 
less well tolerated by patients, incurs sig
nificantly higher costs, is not widely ac
cessible, and includes the risk of adverse 
events from injection of intravenous con
trast material (20). Currently, the Ameri
can Cancer Society recommends breast 
MR imaging only in women at high risk 
for breast cancer and, at this time, con
siders the evidence insufficient to recom
mend screening breast MR imaging in 
women with dense breast tissue but no 
other risk factors (26).

Current Shortcomings

The advocacy push to legislate man
datory reporting of breast density and 
possible adjunct screening for all 
women with heterogeneously or ex
tremely dense breasts is far outpacing 
the reporting of evidence that supple
mental screening may provide better 
outcomes for these patients. Recent 
study results in regard to adjunct 
screening US and MR imaging, while 
encouraging, pertain only to women of 
intermediate or high risk, with known 
risk factors beyond their dense breasts. 
Therefore, it is uncertain what the add
ed cancer detection yield of supplemen
tal screening would be for women of av
erage risk with dense breasts but no 
other known risk factors.

Even with increased rates of early 
cancer detection, the impact of supple
mental screening on patient morbidity 
and mortality remains unknown. Recent 
trials did not include control groups, 
meaning that the impact of additional 
screening on patient mortality cannot 
be determined (12). Beyond survival 
benefit, the question arises as to whether 
detection of more abnormalities will lead 
to increases in overdiagnosis. Because 
some cancers detected at screening may 
not go on to cause symptoms or death, 
additional interventions performed on 
these excess cancers would only increase 
morbidity for these patients (27).

If the demand for supplemental 
screening increases at a high rate, then 
issues with supply will have to be ad
dressed. Currently, there is a shortage 
of qualified breast imagers and breast 
US technologists who can perform 
competent screening US examinations 
(12). Rates of cancer detection at tech
nologistperformed screening US ap
pear to be similar to those at physician
performed US, but a large investment 
would have to be made to train more 
technologists (28). Automated whole
breast US promises to decrease opera
tor variability, but this technology has 
just received Food and Drug Adminis
tration approval, and its accuracy for 
depicting smaller cancers is yet to be 
determined (29,30).

It is also uncertain who will pay for 
additional screening if recommended by 
law. Currently, only two states—Illinois 
and Connecticut—have considered man
dating insurance coverage for supple
mental screening US. In Illinois, “if a 
routine mammogram reveals heteroge
neous or dense breast tissue, coverage 
must provide for a comprehensive ul
trasound screening of an entire breast 
or breasts, when determined to be medi
cally necessary by a physician” (31). Even 
if covered by insurance, there is cur
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rently only one Current Procedural Ter
minology code available for breast US, 
with a low Medicare reimbursement 
level (approximately $90) that may not 
adequately cover the cost of the physi
cian time required for performing and 
interpreting a comprehensive study (12). 
To date, from a health systems stand
point, there are no randomized control 
trials or costeffectiveness analyses dem
onstrating that supplemental screening 
is a costeffective measure for women 
with dense breasts.

Within the highly litigious environ
ment of breast cancer screening, it is 
not unreasonable to expect an increase 
in reflexive ordering of unnecessary 
supplemental studies for women with 
dense breasts but no other known risk 
factors. If there is a legislated recom
mendation that the patient may benefit 
from additional screening, then an order 
for supplemental screening devoid of an 
individual patientcentered riskbenefit 
discussion may result because of the 
physician’s concern for medicallegal 
protection. Such reflexive ordering would 
lead to increased inappropriate utiliza
tion of breast imaging technologies at 
increased costs and decreased net 
health benefits.

Building a Framework for Patient-
centered Outcomes Research

Given these current shortcomings, 
what is needed is a unified, organized ap
proach to building a framework for 
identifying and addressing the key is
sues in regard to determining the ef
fects of adjunct screening on individual 
outcomes for women with dense breasts. 
The maelstrom encompassing the pro
posed breast density legislation, the re
cent USPSTF recommendations, and 
the Patient Protection and Affordable 
Care Act (PPACA) has created an un
usual and fortuitous climate for change 
in national breast screening practices. 
We argue that building such a frame
work centered on comparative effec
tiveness research (CER) and patient
centered outcomes research is critical 
not only for addressing the needs cre
ated by new density legislation but also 
for collecting the evidence that will ulti

mately best inform individual riskbased 
discussions between patients and 
health care providers regarding breast 
cancer screening. In the remaining par
agraphs, we introduce three core issues 
that will need to be addressed up
front—consensus, quality, and cost.

Consensus
CER and patientcentered outcomes re
search promise to inform health care 
decisions by providing evidence on the 
effectiveness, benefits, and harms of dif
ferent screening options for different 
patients. However, before key research 
initiatives can be identified, all key 
stakeholders must come together to 
build consensus for a shared research 
agenda. Health care reform, culminat
ing in the PPACA, has established the 
PatientCentered Outcomes Research 
Institute (PCORI), an independent orga
nization created to help people make 
informed health care decisions and im
prove health care delivery (32). Accord
ing to the PCORI, patientcentered out
comes research is “guided by patients, 
caregivers and the broader health care 
community and will produce high integ
rity, evidencebased information.” Thus, 
one of the main tenets of research in 
the era of health care reform will be the 
heavy involvement of patients at each 
stage of research. In fact, much of the 
current drive for breast density legisla
tion likely stems from the historic lack 
of communication between the medical 
community and its patients in regard to 
the limitations of mammography. The 
breast imaging community, therefore, 
must welcome patient advocacy groups 
into the fold, along with other key stake
holders, including payer organizations.

Quality
Before performing comparative effec
tiveness studies involving adjunct tech
nologies for breast cancer screening, all 
stakeholders collectively must establish 
mandatory minimum quality standards 
for newer modalities, similar to the 
MQSA for mammography. The subjec
tivity and variation in breast imaging 
remain beyond mammography, and sat
isfactory process measures must be 
created for the operation, maintenance, 

image processing, and reporting of 
screening breast US. Contrary to popu
lar belief within the medical commu
nity, mandatory accreditation and certi
fication of imaging facilities for breast 
US are not currently required by federal 
law. While the American College of Ra
diology (ACR) has breast US and US
guided biopsy accreditation and certifi
cation programs (33), these are for the 
most part optional. Establishing man
datory accreditation may provide a level 
of standardization necessary for ensur
ing a minimum level of competency in 
process measures and allow for the 
evaluation of the comparative effective
ness of different modalities and screen
ing strategies. Moreover, inter and in
traobserver variability in interpretation 
for new screening modalities must be 
addressed, with the development of 
methods to improve standardization in 
physician interpretation (34). Practi
tioners should meet certain experience 
and continuing education criteria for per
formance and interpretation of screen
ing US studies set by the ACR or the 
American Institute for Ultrasound in 
Medicine (16).

Cost
The cost associated with any new screen
ing strategy is critical and should be 
dealt with up front, in parallel with ef
forts to determine improved patient 
outcomes. Health care reform demands 
that new interventions be of higher 
value for lower costs to patients, the 
health care system, and society. Ran
domized controlled trials in which dif
ferent screening strategies are com
pared for women with dense breasts 
are unlikely to be performed because of 
the associated large number of patients 
needed to demonstrate a difference be
tween groups, the long length of followup 
required, and the large monetary ex
penses incurred. In the absence of de
finitive randomized controlled trials to 
establish the comparative effectiveness 
of multimodality breast cancer screen
ing, computer simulation models of 
breast cancer natural history and out
comes can be used to project longterm 
health outcomes and lifetime costs re
lated to different screening strategies.
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Therefore, while longterm prospec
tive studies through ACRIN and other 
research collaboratives should be pur
sued, preliminary decision analyses and 
costeffectiveness analyses must be per
formed with models based on available 
efficacy data and expert opinion to guide 
current decision making. Historically, in 
the United States, the key driver of 
widespread use of new breast imaging 
interventions has been reimbursement 
by government and thirdparty payers 
rather than the reporting of clinical effi
cacy (35). Thus, payers must be engaged 
as partners early to help establish ap
propriate reimbursement rates and in
crease access to new adjunct screening 
tools. Government payers, for instance, 
may be able to provide coverage for sup
plemental screening in return for requir
ing evidence collection, as is the case for 
positron emission tomography (PET) 
and Medicare through the national PET 
registry.

With engaged patient advocacy 
groups, research should include aspects 
of overall costs important to individual 
patients, such as outofpocket costs, 
transient levels of anxiety from false
positive findings or biopsies, and lost 
time for followup. Patients can help 
clarify their preferences and values, 
and the resulting qualityoflife utilities 
should be included in all analyses. Fur
thermore, costeffectiveness analyses 
should be focused on specific subpop
ulations of patients, such as women 
with dense breasts of average risk and 
no other risk factors, and should com
pare specific strategies, such as com
bined mammography and US screen
ing versus mammography alone. In an 
era of more personalized breast cancer 
care, the costeffectiveness of a spe
cific screening strategy may be depen
dent on an individual’s specific risks of 
developing breast cancer (36–38). Our 
analyses should reflect this trend to
ward individualized breast cancer care 
and should truly inform the personal 
decisionmaking process.

Conclusion

The timely convergence of advocacy ef
forts, high political will, and health care 

reform provides an important opportu
nity for the breast cancer community to 
help institute positive change in screen
ing practices. However, current legisla
tion that mandates informing patients 
about possible increased breast cancer 
risk on the basis of breast density may 
not suffice in actually improving patient 
outcomes. Instead, the breast imaging 
community must partner with advocacy 
groups to shift efforts toward creating 
an infrastructure for patientcentered 
outcomes research that will provide the 
evidence needed for meaningful discus
sions between individuals and their physi
cians about screening. Through early 
consensus building, standardized quality 
measures, and a focus on cost effective
ness, we can maximize the benefits of 
breast cancer screening for every woman. 
Moreover, by partnering with all stake
holders at each stage of our research 
efforts, we can create an increased level 
of transparency to help prevent future 
controversies in breast cancer screen
ing recommendations.
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mammography), as well as a diagnostic 
population (symptomatic and/or with 
positive findings at mammography). 
The universally accepted definitions of 
screening and diagnostic for breast im-
aging examinations are critical to main-
tain. This allows us to perform valid 
comparisons of breast imaging technol-
ogies and critically assess whether their 
greatest impact would be in a screening 
or diagnostic setting or both.

The breast cancer detection rate 
and cost per cancer detected reported 
by Hooley et al (1) are also affected by 
their mixture of patients who underwent 
screening and those who underwent di-
agnostic examinations. Given their mixed 
population (which has a higher prior 
probability of malignancy), one would 
expect more cancer detection than for 
a true screening population, producing 
a falsely elevated cancer detection rate 
for screening breast US. This mixture 
would also falsely reduce the cost per 
cancer detected. The authors state that 
women with dense breast tissue, as re-
ported from the mammogram, received 
the statement about supplementary 
screening required by Connecticut law. 
However, it is also stated that a direct 
determination of the number of studied 
women with dense breasts could not be 
done. It thus remains unclear exactly 
how these women were identified. Cur-
rently the definition of “dense” breasts 
is a subjective rating by the interpreter, 
as defined in Breast Imaging Reporting 
and Data System (BI-RADS), which in 
Connecticut includes the categories of 
“heterogeneously dense” and “extremely 
dense.” A much more valid assessment 
would be the volume of dense tissue 
as a percentage of total breast volume. 
This cannot be accurately estimated by 
orthogonal two-dimensional images (2) 
and probably would require a standard-
ized true isotropic three-dimensional 
(3D) capture of the whole breast. We 
are not there yet.

The article in this month’s issue of 
Radiology (1), concerning ultraso-
nography (US) and cancer detec-

tion in women with dense breasts and 
the recently enacted legal mandates 
in Connecticut, are topics that we, as 
breast imagers, must understand. Con-
necticut Public Act 09-41, section 2, 
section 38a-530 (c), states:

On and after October 1, 2009, each 
mammography report provided to a 
patient shall [emphasis added] include 
information about breast density, 
based on the Breast Imaging Report-
ing and Data System established by the 
American College of Radiology. Where 
applicable, such report shall [em-
phasis added] include the following 
notice: If your mammogram demon-
strates that you have dense breast 
tissue, which could hide small abnor-
malities, you might benefit from sup-
plementary screening tests, which can 
include a breast ultrasound screening 
or a breast MRI examination, or both, 
depending on your individual risk fac-
tors. A report of your mammography 
results, which contains information 
about your breast density, has been 
sent to your physician’s office and you 
should contact your physician if you 
have any questions or concerns about 
this report.

We have italicized “shall” since in leg-
islative language this is equivalent to 
“must” in everyday language.

The report by Hooley and colleagues 
presents outcomes data on what they 
choose to call “screening” breast US 
in women with dense breasts, per-
formed in Connecticut after passage 
of Public Act 09-41. It is clear that the 
data presented do not represent the 
established definition of “screening.” 
In the article by Hooley et al (1), the 
population of women who underwent 
a screening US examination were 
both from a true screening population 
(asymptomatic with negative findings at 
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because it has real-time imaging ca-
pability. This difference requires us to 
address this facet of breast US in the 
definitions that go into sensitivity, spec-
ificity, and accuracy.

Screening breast US may be ac-
complished by a technologist, a radiol-
ogist, or an automated system. When 
obtained by a technologist or an auto-
mated system, routine “snapshots” may 
be recorded with perhaps an included 
standard, routine cine loop to utilize 
real-time capabilities. Then after inter-
pretation by using these two methods 
of acquisition, any request for addi-
tional examination, including the ra-
diologist performing directed scanning 
of one or more target areas, should 
be considered a screening examina-
tion with positive findings. The more 
complicated scenario involves screen-
ing performed initially by the radiol-
ogist, who then may utilize additional 
US maneuvers during the screening to 
resolve any problems raised. Thus, the 
interpreter is acting both as screener 
and diagnostic evaluator. One way to 
address this issue in an effort to stan-
dardize breast US screening metrics 
is to define as routine the “snapshot” 
images of the breast quadrants and 
retroareolar area obtained by the ra-
diologist, and if any further images are 
recorded, the US examination would 
then be considered a screening exam-
ination with positive findings, followed 
by a diagnostic examination. This is 
the same approach that is applied to 
mammography, but instead of separat-
ing screening and diagnostic examina-
tions by days, they are separated by 
minutes.

This approach does not apply to 
MR imaging because whether the ex-
amination is performed as a screening 
examination or for diagnostic purposes, 
an identical set of images is recorded, 
so that MR imaging is truly acting si-
multaneously as both a screening and a 
diagnostic examination.

The above-described approaches to 
assessing results of screening mammog-
raphy, US, and MR imaging have been 
incorporated into the fifth edition of BI-
RADS. This is vital if we are to mean-
ingfully assess newer versus established 

The mandated language in Con-
necticut Public Act 09-41 raises another 
problem. It mentions the difficulty for 
cancer detection in dense breasts and 
the increased risk for developing breast 
cancer in women with dense breasts. 
These are two separate matters. Intu-
itively, it is not difficult to understand 
limited detection and reduced sensitiv-
ity in dense breasts. There are reports 
describing this phenomenon. One such 
report (3) notes sensitivity for cancer 
detection of 30% in women with dense 
breasts versus 80% in women without 
dense breasts. They also describe an 
increase in the interval cancer rate, 
which is a by-product of the lower sen-
sitivity. Breast density as a risk factor 
for development of breast cancer is far 
more problematic. The subjective eval-
uation of breast density certainly has a 
role in the calculation of the risk for 
breast cancer. However, there are many 
confounding variables that are difficult 
to isolate, even with sophisticated sta-
tistical analysis. Furthermore, many 
publications report a misleadingly high 
relative risk for breast density by using 
as a referent group the small percent-
age of women with almost entirely fatty 
breasts instead of women of average 
breast density (4). While an exhaustive 
discussion of this topic is not the point 
of this editorial, a simple example may 
suffice. Does a woman classified as not 
having dense breasts visually, and thus 
is at lower risk for breast cancer, in-
crease her risk if she loses weight and 
fatty tissue from her breasts, which 
then are evaluated as dense? This is 
truly problematic since obesity has 
been associated with increased breast 
cancer risk (5).

Metrics for both screening US and 
magnetic resonance (MR) imaging are 
relatively newer because these breast 
imaging modalities have only recently 
been applied to screening. The defi-
nitions for the four basic terms (true-
positive [TP] findings, false-positive 
[FP] findings, true-negative [TN] find-
ings, false-negative [FN] findings) that 
are used for calculation of sensitivity, 
specificity, and accuracy are most ma-
ture and accepted for screening mam-
mography. We must strictly adhere to 

the definitions of these parameters for 
the other breast imaging modalities, 
on the basis of similar principles, if we 
are to correctly assess their effect. The 
underlying assumption for screening 
mammography is the separation of a 
screening from a diagnostic examina-
tion with different sensitivity, specific-
ity, and accuracy results. The screening 
examination consists of a limited set 
of images (for a bilateral examination, 
four views, occasionally with additional 
views to cover all the breast tissue or 
correct technologist-detected artifacts). 
It is frequently interpreted in a batch 
mode at a time separate from acquisi-
tion. An examination with negative or 
benign findings is defined as an exami-
nation with the presence of nothing of 
concern or one with definitely benign 
findings, with a recommendation for 
a routine screening in a year. The di-
agnostic examination involves women 
with a clinical or screening-detected 
area of concern, and supplemental 
mammographic views are added and 
frequently US is added.

The new edition of ACR BI-RADS 
(fifth edition) (6) emphasizes that a 
probably benign assessment (category 
3, with recommendation for short-in-
terval follow-up) not be used at screen-
ing. Interpreters will now pay a penalty 
in potential FPs because this new edi-
tion defines the auditing of assessments 
with findings classified as category 3 at 
screening as examinations with posi-
tive findings, similar to assessments 
with findings classified as category 0. 
This change reflects the rationale that 
findings classified as category 3 at 
screening basically indicate a recom-
mendation for “work-up” in the form 
of additional imaging prior to the next 
routine screening examination, albeit 6 
months rather than promptly after the 
index examination. We should apply the 
same definition for screening breast US 
as we do for screening mammography: 
an examination with a limited number 
of defined views, read as having posi-
tive (further action needed prior to the 
next routine screening examination) or 
negative (nothing needed until the next 
routine screening examination) find-
ings. However, screening US is different 
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to afford the cost of supplementary 
screening US?
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alone was 31.3% but combined with 
US was 43.8%. How do we analyze 
these data? FN and TP findings drive 
sensitivity, but FN findings tend to have 
a greater effect. What drives PPV1 is 
TP and FP findings, but FP findings for 
this metric are more critical. The re-
ceiver operating characteristic informs 
us of two important relationships: 
As FP findings increase, FN findings 
decrease. However, above a certain 
threshold level of cancer detection we 
pay a very high FP price to attain fewer 
FN findings and more cancer detection.

The lack of separation between 
screening and diagnostic examinations 
in the report of Hooley et al (1) has 
considerable relevance as a potential 
indicator of future benchmark perfor-
mance, given that the reported data 
skew the outcomes expected from true 
screening US to falsely appear more fa-
vorable than they really are. These data 
may be used to affect the decisions of 
lawmakers who are considering similar 
legislation in other states. In our opin-
ion, such government mandates are 
premature. Undoubtedly, it is beneficial 
to more fully inform women about their 
breast health; the pertinent question is 
how to do this. Even if one is willing to 
assume that early cancer detection by 
using screening US will translate into 
breast cancer mortality reduction, does 
this benefit of supplementary screening 
exceed the harms, given that compared 
with screening mammography, the TP 
rate of supplementary screening US is 
lower and the FP rate is much higher 
(TP rate even lower and FP rate even 
higher than those reported by Hooley 
et al [1])? If a governmental mandate 
is established to inform women with 
dense breasts of the benefits and harms 
of supplementary screening, shouldn’t 
insurance coverage for this additional 
testing also be mandated? Specifi-
cally, why inform without providing the 
means to follow through, knowing that 
absent a mandate for insurance cover-
age, only the more affluent will be able 

modalities by using metrics that are 
universally understood and similarly 
applied.

Accepting the newer BI-RADS ap-
proaches in regard to metric defini-
tions, when considering the article 
on screening breast US by Hooley et 
al (1), we can relook at the present-
ed data. The cohort who underwent 
screening breast US was comprised of 
935 women: In 701 women, findings 
were assessed as BI-RADS category 
1 or 2; in 187 women, findings were 
assessed as BI-RADS category 3; and 
in 47 women, findings were assessed 
as BI-RADS category 4. Three cancers 
were detected. How did screening US 
with positively interpreted results per-
form as a predictor of breast cancer? 
Considering all the results classified 
as BI-RADS category 3 and 4 assess-
ments at screening as positive, the 
percentage of all positive findings of 
screening examinations that result in 
a tissue diagnosis of cancer within a 
year (positive predictive value [PPV] 
1) is 1.3% (three of 234).Using the 
same approach, the PPV1 of screening 
mammography ranges from 4% to 9% 
(7). Both sets of metrics would rely on 
the demographics of the population 
tested (ie, age, race, socioeconomic 
status). When used as a diagnostic ex-
amination, US results were indicative 
of a recommendation for biopsy and 
US was used to achieve biopsies in 
46 women. Thus, PPV for biopsy per-
formed (PPV3) is 6.5% (three of 46). 
The PPV3 for diagnostic mammography 
is 39.5% (8). What is difficult to deter-
mine and not described by Hooley et 
al (1) is the performance of screening 
breast US as an adjunct to mammogra-
phy performed at the same time. The 
American College of Radiology Imaging 
Network, or ACRIN, 6666 trial gives us 
some insight, reporting that mammog-
raphy alone had a PPV1 of 9.6% and 
in concert with US a PPV1 of 7% (9). 
However, for detection of breast can-
cer, the sensitivity for mammography 
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SIX PREVIOUS SINGLE-CENTER

studies1-6 and 3 multicenter
trials7-9 have shown supplemen-
tal screening breast ultrasound

significantly increases detection of
node-negative invasive breast cancer in
women with mammographically dense
breast tissue on the first prevalence
screen, consistently increasing cancer
detection (yield) by 3.5 per 1000 in
single-center studies and from 4.2 to 4.4

per 1000 in multicenter trials. The vast
majority of cancers detected only by ul-
trasound have been node-negative in-
vasive breast cancers. Until now, it was
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Context Annual ultrasound screening may detect small, node-negative breast cancers
that are not seen on mammography. Magnetic resonance imaging (MRI) may reveal ad-
ditional breast cancers missed by both mammography and ultrasound screening.

Objective To determine supplemental cancer detection yield of ultrasound and MRI
in women at elevated risk for breast cancer.

Design, Setting, and Participants From April 2004-February 2006, 2809 women
at 21 sites with elevated cancer risk and dense breasts consented to 3 annual independent
screens with mammography and ultrasound in randomized order. After 3 rounds of both
screenings, 612 of 703 women who chose to undergo an MRI had complete data. The ref-
erence standard was defined as a combination of pathology (biopsy results that showed
in situ or infiltrating ductal carcinoma or infiltrating lobular carcinoma in the breast or ax-
illary lymph nodes) and 12-month follow-up.

Main Outcome Measures Cancer detection rate (yield), sensitivity, specificity, posi-
tive predictive value (PPV3) of biopsies performed and interval cancer rate.

Results A total of 2662 women underwent 7473 mammogram and ultrasound screen-
ings, 110 of whom had 111 breast cancer events: 33 detected by mammography only, 32
by ultrasound only, 26 by both, and 9 by MRI after mammography plus ultrasound; 11
were not detected by any imaging screen. Among 4814 incidence screens in the second
andthirdyearscombined,75womenwerediagnosedwithcancer.Supplemental incidence-
screening ultrasound identified 3.7 cancers per 1000 screens (95% CI, 2.1-5.8; P� .001).
Sensitivity for mammography plus ultrasound was 0.76 (95% CI, 0.65-0.85); specificity,
0.84 (95%CI,0.83-0.85); andPPV3,0.16 (95%CI,0.12-0.21). Formammographyalone,
sensitivitywas0.52 (95%CI,0.40-0.64); specificity, 0.91 (95%CI,0.90-0.92); andPPV3,
0.38 (95% CI, 0.28-0.49; P� .001 all comparisons). Of the MRI participants, 16 women
(2.6%) had breast cancer diagnosed. The supplemental yield of MRI was 14.7 per 1000
(95% CI, 3.5-25.9; P=.004). Sensitivity for MRI and mammography plus ultrasound was
1.00 (95% CI, 0.79-1.00); specificity, 0.65 (95% CI, 0.61-0.69); and PPV3, 0.19 (95%
CI, 0.11-0.29). For mammography and ultrasound, sensitivity was 0.44 (95% CI, 0.20-
0.70, P=.004); specificity 0.84 (95% CI, 0.81-0.87; P� .001); and PPV3, 0.18 (95% CI,
0.08 to 0.34; P=.98). The number of screens needed to detect 1 cancer was 127 (95% CI,
99-167) for mammography; 234 (95% CI, 173-345) for supplemental ultrasound; and 68
(95% CI, 39-286) for MRI after negative mammography and ultrasound results.

Conclusion The addition of screening ultrasound or MRI to mammography in women
at increased risk of breast cancer resulted in not only a higher cancer detection yield but
also an increase in false-positive findings.

Trial Registration clinicaltrials.gov Identifier: NCT00072501
JAMA. 2012;307(13):1394-1404 www.jama.com
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unclear whether continuing ultra-
sound screening annually (ie, inci-
dence screening) would result in a de-
tection benefit.

A substantial majority of American
College of Radiology Imaging Net-
work (ACRIN) 6666 participants were
at intermediate risk for breast cancer,
with more than half having a personal
history of breast cancer.7 Although there
was evidence from prior studies10-13 that
magnetic resonance imaging (MRI) pro-
vided considerable detection benefit be-
yond what combined ultrasound and
mammography screens could dis-
cover in high-risk women, the combi-
nation of ultrasound and mammogra-
phy might still identify the vast majority
of cancers when they are node nega-
tive at a much lower cost to the health
care system than the cost of an MRI,
particularly when screening women
with a lower prevalence of disease. A
substudy of ACRIN 6666 participants
was therefore undertaken to assess the
rate and stage of cancers detected with
a single screening MRI.

METHODS
Study Design

Study participants included women
who were asymptomatic, presenting
for routine annual mammography
with heterogeneously dense or
extremely dense breast tissue,14 and
who had at least 1 other risk factor
for breast cancer (TABLE 1). Race/
ethnicity was self-assigned based on
fixed categories.

Each participant underwent mam-
mographic and physician-performed ul-
trasonographic screening examina-
tions in randomized order, with the
interpreting radiologist for each exami-
nation masked to results of the other
study, at 0 months (first screening), 12
months (second screening), and 24
months (third screening). The random-
ization process has been previously de-
scribed,7 and initial randomization or-
der was maintained for subsequent
screening rounds. If recommendation
from either screening test was other
than routine annual screening, the test
was considered positive for purposes of

Table 1. Participant Characteristics

Screening Analysis Set, No. (%)

1
(n = 2659)

2
(n = 2493)a

3
(n = 2321)

MRI
(n = 612)

Age at scan, mean (SD), y 55.2 (10.1) 56.4 (9.9) 57.7 (9.8) 56.8 (9.5)

Median (range) 55.0 (25-91) 56.0 (26-92) 57.0 (27-93) 57.0 (27-87)

Age group at scan, y
�40 134 (5.0) 89 (3.6) 65 (2.8) 17 (2.8)

40-49 627 (23.6) 514 (20.6) 392 (16.9) 114 (18.6)

50-69 1678 (63.1) 1644 (65.9) 1597 (68.8) 429 (70.1)

�69 220 (8.3) 246 (9.9) 267 (11.5) 52 (8.5)

Race/ethnicity
White 2467 (92.8) 2316 (92.9) 2162 (93.1) 576 (94.1)

Hispanic or Latino 265 (10.0) 233 (9.3) 209 (9.0) 83 (13.6)

Black or African American 91 (3.4) 85 (3.4) 77 (3.3) 11 (1.8)

Native Hawaiian or other
Pacific Islander

4 (0.2) 3 (0.1) 4 (0.2) 1 (0.2)

Asian 90 (3.4) 82 (3.3) 71 (3.1) 22 (3.6)

American Indian or
Alaskan Native

4 (0.2) 4 (0.2) 4 (0.2) 1 (0.2)

Unknown 11 (0.4) 11 (0.4) 11 (0.5) 1 (0.2)

Menopausal status
Premenopausalb 609 (22.9) 554 (22.2) 502 (21.6) 155 (25.3)

Perimenopausalc 182 (6.8) 170 (6.8) 158 (6.8) 37 (6.0)

Postmenopausald 1362 (51.2) 1294 (51.9) 1208 (52.0) 316 (51.6)

Surgical menopause 484 (18.2) 454 (18.2) 432 (18.6) 103 (16.8)

Unknown 22 (0.8) 21 (0.8) 21 (0.9) 1 (0.2)

Personal history of breast cancer
(regardless of other risk
factors)e

1426 (53.6) 1331 (53.4) 1253 (54.0) 275 (44.9)

Visually estimated breast density
at scan, %

�25 47 (1.8) 47 (1.9) 34 (1.5) 7 (1.1)

26-40 278 (10.5) 236 (9.5) 196 (8.4) 61 (10.0)

41-60 824 (31.0) 792 (31.8) 774 (33.3) 191 (31.2)

61-80 994 (37.4) 976 (39.1) 920 (39.6) 253 (41.3)

�80 515 (19.4) 442 (17.7) 395 (17.0) 100 (16.3)

Unknown 1 (�1) 0 2 (0.1) 0

Primary risk factorf

Mutation in BRCA1 or BRCA2 23 (0.9) 20 (0.8) 18 (0.8) 3 (0.5)

History of prior chest, mediastinal,
or axillary irradiation

8 (0.3) 6 (0.2) 6 (0.3) 2 (0.3)

Personal history of breast cancer 1413 (53.1) 1321 (53.0) 1244 (53.6) 273 (44.6)

Lifetime risk, Gail/Claus model
�25%g

504 (19.0) 460 (18.5) 425 (18.3) 135 (22.1)

5-Year risk, Gail model �2.5% 406 (15.3) 391 (15.7) 366 (15.8) 113 (18.5)

5-Year risk, Gail model �1.7%
and extremely dense breasts

225 (8.5) 217 (8.7) 195 (8.4) 70 (11.4)

ADH/ALH/LCIS or atypical
papilloma

80 (3.0) 78 (3.1) 67 (2.9) 16 (2.6)

Abbreviations: ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; LCIS, lobular carcinoma in situ; MRI,
magnetic resonance imaging.

aThree participants excluded from year-1 analysis were included in year 2, for a total of 2662 unique participants.
bDefined as last menstrual period within prior 30 days.
cDefined as last menstrual period more than 30 days and less than 12 months prior.
dDefined as last menstrual period at least 12 months prior.
eEight hundred sixty-nine of 1426 women (71.1%) with a personal history of breast cancer had lumpectomy and radiation

therapy for the affected breast(s) during the study.
fParticipants with multiple risk factors were determined to have a primary risk factor using the following hierarchy: Mutation

in BRCA1 or BRCA2 genes; history of prior chest, mediastinal, axillary irradiation or all 3; a personal history of breast
cancer; a lifetime risk, Gail model of at least 25%; 5-year risk, Gail model of 2.5% or more; 5-year risk, Gail model 1.7%
or more; extremely dense breasts; and prior biopsy showing ADH, ALH, LCIS, or atypical papilloma.

gOne participant’s eligibility is based on a recalculated Gail score, for which the original score was missing.
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analysis and a qualified site investiga-
tor then recorded an integrated inter-
pretation by reviewing study mammo-
gram and ultrasound together. Clinical
management was based on integrated
interpretation. If both modalities rec-
ommended routine annual follow-up,
no integration was performed. Can-
cers positive only on a given modality re-
fers to those not visible on any other
modality. Sensitivity of a modality alone
refers to the number of cancers that
would have been detected if only that
modality had been used and includes
some cancers that were also visible on
the other modality.

To be eligible for the MRI substudy,
women had to have completed the third
round of annual ultrasound and mam-
mography screenings per protocol7 and
had agreed to undergo contrast-
enhanced breast MRI within 8 weeks
of the 24-month screening mammo-
gram. Interpretation of each of the 3
screening approaches was blinded to re-
sults of the other examinations. A sepa-
rate integrated breast-level interpreta-
tion across all 3 modalities was then
performed, which determined clinical
management. Women who accepted
MRI had higher risk and were younger
than those who declined.15 Women en-
rolled at sites in the MRI substudy were
less likely to have had a personal his-
tory of breast cancer; no other system-
atic differences were noted across sites.

Web-based data capture and qual-
ity monitoring were conducted by the
ACRIN biostatistics and data manage-
ment center. The study was compliant
with the Health Insurance Portability
and Accountability Act, received insti-
tutional review board approval from all
participating sites and from ACRIN, and
received approval from the National
Cancer Institute Cancer Imaging Pro-
gram. The study underwent data and
safety monitoring committee review ev-
ery 6 months.

Participants

Among the 21 sites, 2809 women were
recruited between April 2004 and Feb-
ruary 2006, 2725 of whom were eli-
gible (FIGURE 1). Women aged at least

25 years presenting for routine mam-
mography were eligible to participate
if they met study definitions of el-
evated risk (Table 1) and had hetero-
geneously dense or extremely dense pa-
renchyma14 in at least 1 quadrant, either
by prior mammography report or re-
view of prior mammograms. Women
were excluded if they were pregnant or
lactating or if they had known meta-
static disease, signs or symptoms of
breast disease, breast surgery within
prior 12 months, or breast implants.

For the MRI substudy, women also
could not have contraindications to
MRI (have a pacemaker, aneurysm clip,
or other metallic implant; weigh �135
kg; or have renal impairment [have a
glomerular filtration rate of �30 mL/
min per 1.73 m2 or were undergoing a
dialysis regimen]). Participants pro-
vided written informed consent at their
initial visit. Those participating in the
MRI screening provided a second con-
sent at MRI registration.

Screening methods are detailed in the
eAppendix (available at http://www
.jama.com). The expanded 7-point
Breast Imaging-Reporting and Data Sys-
tem (BI-RADS)14,16,17 assessment scale
was used: a score of 1 is negative; 2, be-
nign; 3, probably benign; 4a, low sus-
picion; 4b, intermediate suspicion; 4c,
moderate suspicion; and 5, highly sug-
gestive of malignancy.

Reference Standard

We defined the reference standard,
which could be cancer or not, to be the
most severe of biopsy results within 365
days of mammographic screening, clini-
cal follow-up at 1 year, or both. Each
mammographic screening was tar-
geted for 365 days after the previous
mammographic screening. A com-
plete examination of all study breasts
performed more than 11 full months af-
ter the previous screen was consid-
ered the next annual screen; only 88 of
7473 visits (1.2%) occurred before 11
months. The absence of a known diag-
nosis of cancer for a participant report
at interview, review of medical rec-
ords, or both at least 11 full months
(330 days) after mammographic

screening was considered disease nega-
tive, as were 7 cases of prophylactic
mastectomies with no evidence of can-
cer at pathology. Biopsy results show-
ing breast cancer (in situ or infiltrat-
ing ductal carcinoma or infiltrating
lobular carcinoma) in the breast or ax-
illary lymph nodes were considered dis-
ease positive.

Statistical Methods

The primary unit of analysis was the
participant. A participant’s BI-RADS
score was derived as the maximum
breast level BI-RADS or the score from
the breast with cancer when only 1
breast had cancer. In keeping with
planned revisions to BI-RADS (Ed-
ward A. Sickles, MD, Professor of Ra-
diology, University of California, San
Francisco, written communication, No-
vember 29, 2009), a screening BI-RADS
assessment score of 3, 4a, 4b, 4c, or 5
was considered test positive, provided
that the recommendation was for other
than routine screening. This differs
from the definition of positive test re-
sults that we used in our initial publi-
cation of the first screening, wherein an
assessment of 4a or higher was consid-
ered a positive test result7: results of the
first screen have been reanalyzed and
included herein. For a participant di-
agnosed with cancer, the breast(s) with
cancer were excluded from analysis for
the next annual screen.

The cancer detection rate (ie, the pro-
portion of women with a positive screen
result and a positive reference stan-
dard); sensitivity; specificity; recall rate,
which is the proportion of women with
a positive screen result; positive pre-
dictive value (PPV1), which is the ma-
lignancy rate among cases that test posi-
tive on screening; short-term follow-up
rate; biopsy rate; and area under the em-
pirical receiver operating characteris-
tic (ROC) curve (AUC) using BI-
RADS scores were reported. PPV3 is
defined as the rate of malignancy among
cases with positive results on screen-
ing who underwent biopsy of the same
lesion.14 Interval cancers were defined
as those diagnosed because of a clini-
cal abnormality such as a lump, skin
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thickening, or pathologic nipple dis-
charge occurring in the interval be-
tween prescribed screenings (ie, less

than 365 days after the last screening
mammogram and before the next
screen; cancers detected on an early

screen performed at least 11 months af-
ter the previous screen were consid-
ered screen detected).

Figure 1. Flowchart of Protocol

11 Had missing mammograms or
ultrasound for all 3 screens

2714 Had complete data for at least 1
of 3 screenings
1342 Had mammogram first
1372 Had ultrasound first

2725 Were eligible for screening

2809 Women were enrolled and randomized
to order of imaging studies

84 Excluded (ineligible previously detailed) 7

2659 Included in the screen
1 analysis

2711 Eligible for screen 1 analysis

52 Excluded (did not
have reference
standard)

1 Excluded (melanoma)
(but was included in
screen 2)

Screen 1
2712 Completed screen 1

mammogram and
ultrasound

2 Did not complete screen
1 ultrasound (but were
included in screen 2)

2493 Included in the screen
2 analysis

2551 Eligible for screen 2 analysis

58 Excluded (did not
have reference
standard)

8 Excluded
7 Had >91 d

between
mammogram
and ultrasound

1 Had cancer
surgery <12 mo
earlier

Screen 2
2559 Completed screen 2

mammogram and
ultrasound

2321 Included in the screen
3 analysis

2440 Eligible for screen 3 analysis

119 Excluded (did not
have reference
standard)

6 Excluded
4 Had >91 d

between
mammogram
and ultrasound

1 Had cancer
surgery <12 mo
earlier

1 Had axillary node
metastasis from
prior contralateral
cancer

Screen 3
2446 Completed screen 3

mammogram and
ultrasound

612 Included in MRI analysis a

627 Eligible for MRI analysis

703 Registered for MRI substudy

15 Excluded (did not
have reference
standard)

76 Excluded
9 Withdrew

consent

59 Did not
undergo
MRI
screening

7 Had
unreadable
MRI

66 Did not have
MRI scan
results

1 MRI >91 d from
mammogram
screening

MRI substudy
1743 Excluded from screen

3 sample
648 Screened at sites

not approved for
MRI study

336 Did not register
for MRI study

262 Not eligible
495 Refused

2 Withdrew

Participants with negative results on both mammography and ultrasound were imputed as having negative results on integrated reading of mammography plus ul-
trasound: 1844 for the first screening, 1922 for the second screening, and 1912 for the third screening. The reference standard was the most severe of biopsy results
within 365 days of mammographic screening, on clinical follow-up at 1 year, or both. Biopsies prompted by an early subsequent screening examination were attributed
to that subsequent screen.
aAll participants in the magnetic resonance imaging (MRI) analysis set are also in the screen 3 analysis set.
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Single-year estimates of yield, sen-
sitivity, specificity, recall rate, PPV1,
short-term follow-up rate, biopsy rate,
and PPV3, were determined as simple
proportions with exact 95% CIs (Clop-
per-Pearson). The 95% CIs for differ-
ences in yield, sensitivity, specificity, re-
call rate, short-term follow-up rate, and
biopsy rate were calculated per Fleiss
et al.18 P values for the above compari-
sons were based on the McNemar test
statistic. The 95% CIs and P values for
differences in PPV1 and PPV3 were cal-
culated using the bootstrap-resamp-
ling method.19 All inferences for inci-
dence screens were based on the
bootstrap-resampling method. Esti-
mates, 95% CIs, and P values related to
AUC were derived by using the method
of Delong et al20 for empirical ROC
curves. Results for participants with a
personal history of breast cancer were
compared with those who had no such
history by the bootstrap method. All P
values were reported as 2-sided, with
.05 set as threshold for significance. All
analyses were performed by SAS 9.2 sta-
tistical software (SAS Institute Inc).

RESULTS
Participant Demographic
Information

A total of 2659 eligible women with ref-
erence standard completed the first an-
nual mammogram and ultrasound
screenings; 2493, the second; and 2321,
the third (Figure 1 and FIGURE 2,
Table 1). Participant demographics at
enrollment were previously reported.7

Median age at enrollment was 55 years
(range, 25-91 years). Approximately
29% of women were younger than 50
years at enrollment, and 23% were pre-
menopausal (Table 1). Nearly 54% of
women had a personal history of breast
cancer. The median age of the 612
women in the MRI group was 57 years
(range, 27-87 years); 21% were younger
than 50 years at the time of the screen-
ing, 25% were premenopausal, and 45%
had personal history of breast cancer.
Time between screens (eTable 1) and
time to perform ultrasound (eTable 2)
are available at http://www.jama.com.

Cancer Detection
A total of 110 participants were diag-
nosed with breast cancer during the
3-year study. One woman diagnosed
by mammography in the first year
was diagnosed again in the third year
in the contralateral breast by MRI
only. Each diagnosis was counted as a
separate event, for a total of 111
participant-cancer events. Of 111 diag-
noses, 89 (80%) were invasive
(TABLE 2). Fifty-nine cancers (53%)
were detected by mammography,
including 33 (30%) that were detected
by mammography only; 32 (29%) by
ultrasound only; and 9 (8%) by MRI
only after both mammography and
ultrasound screens failed to detect
cancer. Eleven cancers (10%) were not
detected by any imaging screen. Of 32
cancers seen only on ultrasound, 30
(94%) were invasive, with median size
of 10 mm (range, 2-40 mm), and 26 of
27 (96%) of those staged were node
negative.

A total of 16 of 612 women (2.6%)
in the MRI substudy were diagnosed
with breast cancer, 12 of 16 (75%) of
whom had invasive cancer. Nine of 16
cancers (56%) were seen only on MRI
after negative mammography and ul-
trasound results: 8 of 9 (89%) were in-
vasive, with median size of 8.5 mm
(range, 1-25 mm), and all 7 cancers that
were staged were node negative
(Table 2). Two invasive cancers that had
been detected by ultrasound but not by
mammography in the MRI substudy
were also detected by MRI.

SupplementalCancerDetectionYield

Supplemental ultrasound increased can-
cer detection with each annual screen
beyond that of mammography, add-
ing detection of 5.3 cancers per 1000
women in the first year (95% CI, 2.1-
8.4; P� .001); 3.7 women per 1000 per
year in each of the second and third
years (95% CI, 2.1-5.8, P � .001;
TABLE 3); and averaging 4.3 per 1000
for each of the 3 rounds of annual
screening. Supplemental yield results
of ultrasound after digital mammogra-
phy are shown in the eAppendix. The
addition of MRI screening further in-

creased cancer detection with a supple-
mental cancer detection yield of 14.7
per 1000 women (95% CI, 3.5-25.9;
P= .004 vs mammogram plus ultra-
sound; TABLE 4). The number of
screens needed to detect 1 cancer was
127 (95% CI, 99-167) for mammogra-
phy; 234 (95% CI, 173-345) for supple-
mental ultrasound, and 68 (95% CI, 39-
286) for supplemental MRI after
negative mammography plus ultra-
sound screening results.

Sensitivity, Specificity, and AUC

Among 4814 incidence screens in years
2 and 3 combined, 75 women were di-
agnosed with cancer. Sensitivity of com-
bined mammography plus ultrasound
was 57 of 75 (0.76; 95% CI, 0.65-
0.85) for incidence screening, higher
than mammography alone, which was
39 of 75 (0.52; 95% CI, 0.40-0.64;
P�.001). Specificity of combined mam-
mography and ultrasound was 3987 of
4739 (0.84; 95% CI, 0.83 to 0.85) for
incidence screens, lower than the speci-
ficity of mammography alone, which
was 4325 of 4739 (0.91; 95% CI, 0.90-
0.92; P� .001; Table 3).

For 612 MRI participants, sensitiv-
ity increased from 7 of 16 (0.44; 95%
CI, 0.20-0.70) with combined mam-
mography and ultrasound to 16 of 16
(1.00; 95% CI, 0.79-1.00) with the ad-
dition of MRI (P=.004). Specificity was
reduced to 390 of 596 (0.65; 95% CI,
0.61-0.69) after MRI vs combined mam-
mography plus ultrasound at 503 of 596
(0.84; 95% CI, 0.81-0.87, P � .001;
Table 4).

Overall AUC increased each year
when ultrasound was added to mam-
mography (Table 3). Adding MRI low-
ered apparent performance of mam-
mography plus ultrasound because
more cancers were identified by MRI
(Table 4).

Additional Biopsies and PPV3

The PPV3 for biopsies resulting from
combined mammography plus ultra-
sound was 31 of 272 (0.11; 95% CI,
0.08-0.16) for the first screen and was
55 of 339 (0.16; 95% CI, 0.12 to 0.21)
for incidence screens. These values were
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significantly lower than those of mam-
mography alone (19 of 65 [0.29; 95%
CI, 0.19-0.42, first screening] and 37
of 97 [0.38; 95% CI, 0.28-0.49 inci-
dence screening]; P� .001 for both;
Table 3). The percentage of women un-
dergoing biopsy after mammography
and ultrasound decreased from 272 of
2659 (10.2%; 95% CI, 9.1%-11.4%) in
year 1 to 339 of 4814 (7.0%; 95% CI,
6.3%-7.8%) for incidence screens
(P� .001). The biopsy rates after mam-
mography alone were 65 of 2659 (2.4%;
95% CI, 1.9%-3.1%) in year 1 and 97
of 4814 (2.0%; 95% CI, 1.6%-2.5%) for
incidence screens. There were 242 of
4814 (5%) incidence screens resulting
in biopsy due to addition of ultra-
sound, with 18 of 242 (7.4%) of these
women found to have cancer.

For 612 MRI participants, the rate of
biopsy after a full workup of mammog-
raphy plus ultrasound was 38 of 612
(6.2%; 95% CI, 4.4%-8.4%), which in-
creased to 81 of 612 (13.2%; 95%
CI,10.7%-16.2%) with the addition of
MRI (P� .001). The PPV3 after mam-
mography plus ultrasound was 7 of 38
(0.18; 95% CI, 0.08-0.34) and with ad-
dition of MRI, it was 15 of 81 (0.19; 95%
CI, 0.11-0.29, P=.98; Table 4). There
were 43 of 612 (7.0%) participants bi-
opsied only because of MRI, 8 (19%)
of whom were found to have cancer.

Interval Cancers

Of 20 women with cancer not seen on
either mammography or ultrasound in
3 annual rounds, 9 women in the MRI
cohort had their cancer detected by
MRI. Another 9 cancers were identi-
fied because of clinical abnormalities
found during the intervals between
screens (interval cancer rate 8.1%): 2
had clinical findings in the first year; 4
in the second year; and 3 in the third
year. One participant was found to have
high-grade ductal carcinoma in situ be-
cause of off-study computer-assisted de-
tection applied to mammogram (re-
vealing calcifications) after the year-3
interpretation had been recorded. One
participant with a BRCA1 mutation had
an MRI screening off study 6 months
after the third screen and was found to

have a 7 mm node-negative grade III in-
vasive ductal carcinoma.

Women With Personal History
of Breast Cancer

A total of 1426 of 2659 participants
(54%) had a personal history of breast
cancer at study entry and underwent
4010 screens; 59 of 1426 (4.1%) were

diagnosed with cancer (28 only ipsi-
lateral and 29 only contralateral to the
original cancer; 2 bilateral). Supple-
mental yield of ultrasound was the same
in women with a personal history of
breast cancer as in women without a
personal history of breast cancer
(eTable 3A available at http://www.jama
.com), as was the absolute increase in

Figure 2. Outcomes of 3 Rounds of Annual Screening Mammography Plus Ultrasound
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Outcomesofscreening2662participantsaredetailed formammographyalonecomparedwith integratedtests,mam-
mography plus ultrasound, for each of the 3 screening years and also for 612 women in the MRI substudy com-
pared with mammography alone or compared with integrated tests, mammography plus ultrasound, in year 3.
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sensitivity due to added ultrasound.
Supplemental ultrasound was less likely
to prompt unnecessary recall or bi-
opsy in women with a personal his-
tory of breast cancer than those with-
out (eTable 3A). The supplemental
yield of MRI screening in women with
or without a personal history of breast
cancer in the MRI substudy is detailed
(eTable 3B). The supplemental MRI was
less likely to prompt unnecessary re-
call or biopsy in women with a per-
sonal history of breast cancer than those
without (eTable 3B).

COMMENT
In this study, annual supplemental in-
cidence screening ultrasound de-
tected an additional 3.7 cancers per
1000 women per year screened be-
yond mammography alone. The ma-
jority of cancers seen only on ultra-
sound were node-negative invasive

cancers. Invasive lobular carcinoma and
low-grade invasive ductal carcinoma
were overrepresented among such
cancers.

One of the major concerns about
screening is the harm of extra testing
and biopsies for women who do not
have cancer.21 As has been observed
with mammography22 and MRI,11,23-25

the risk of false positives decreased sig-
nificantly with annual screening ultra-
sound in this study compared with the
first screen. However, there still re-
mained a substantial rate of biopsies
prompted only by incidence screen-
ing ultrasound, averaging 5.0% of
women screened.

In a separate analysis of ACRIN 6666
participants, MRI was significantly less
tolerable than mammography or ultra-
sound. Only 58% of ACRIN 6666 par-
ticipants who were offered a screening
MRI at no out-of-pocket cost accepted

the invitation.15 These barriers are in ad-
dition to high costs of MRI equipment,
contrast, and examination, as well as the
high rates of induced testing including
biopsy, with 7% of women in this study
biopsied only because of MRI findings.

Contrast-enhanced MRI has been
recommended for supplemental screen-
ing of women at high risk of breast can-
cer, defined as those women with a life-
time risk of 20% to 25% or greater based
on family history, known or sus-
pected BRCA or other high-risk ge-
netic mutations, or prior mantle radia-
tion to the chest.26 Across 9 series, the
supplemental yield of MRI after mam-
mography in high-risk women was 11
per 100027 and was 14 per 1000 among
the subset who also had screening ul-
trasound.11-13,25 Similar results were ob-
served in this study of women who were
mostly at intermediate risk of breast
cancer.

Table 2. Summary of Cancer Detection and Characteristics for 2662 Unique Participants Screened 3 Years With Mammography and
Physician-Performed Ultrasound and 612 Participants Screened With MRI in Year 3

Detected Cancer

Not Detected
on Study Imaging

Detected
by Study MRI Only Total

Mammography
Only

Both
Mammography

and
Ultrasound

Ultrasound Only
Before MRI

No. of participants 2662 2662 2662 NA 612 NA

No. of screens 7473 7473 7473 NA 612 NA

No. of cancers 33 26 32 11 9 111

Invasive cancers 18 (55) 23 (88) 30 (94) 10 (91) 8 (89) 89 (80)

Size invasive tumor, median
(range), mm

11.5 (1-55) 16.0 (3-40) 10.0 (2-40) 8.5 (2-13) 8.5 (1-25) 12.0 (1-55)

Nodal staging availablea 15 15 27 6 7 70

Node positive, No. (%) 5 (33) 7 (47) 1 (4) 0 (0) 0 (0) 13 (19)

Cancer type and grade, No. (%)
IDC grade 17 (52) 16 (62) 24 (75) 8 (73) 7 (78) 72 (65)

High 7 (21) 4 (15) 6 (19) 2 (18) 2 (22)b 21 (19)

Intermediate 6 (18) 8 (31) 7 (22) 1 (9) 1 (11) 23 (21)

Low 3 (9) 4 (15) 11 (34) 3 (27) 4 (44) 25 (23)

Cannot be assessed 1 (3) 0 0 2 (18) 0 3 (3)

ILC 1 (3) 5 (19)c 5 (16) 1 (9) 0 12 (11)

Mixed IDC and ILC 0 2 (8)d 1 (3)d 1 (9) 1 (11) 5 (5)

DCIS, nuclear grade 15 (45) 3 (12) 2 (6) 1 (9) 1 (11) 22 (20)

High 2 (6) 0 1 (3) 1 (9) 0 4 (4)

Intermediate 11 (33) 3 (12) 1 (3) 0 0 15 (14)

Low 2 (6) 0 0 0 1 (11) 3 (3)
Abbreviations: DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; NA, not applicable. Grade was collected only for IDC and DCIS.
aAxillary nodal status could not be assessed for 14 participants with a personal history of breast cancer from whom nodes had previously been removed nor could they be assessed for

1 woman with a personal history of Hodgkin disease and prior nodal treatment. Node status was not determined for 1 participant older than 80 years because it would not affect her
treatment planning. For 3 participants without nodal staging, the reason was unknown.

b Includes 1 T1mi tumor, with the grade based on the DCIS grade.
c Includes 1 ILC with DCIS for which grade of the ILC is missing.
d Includes 1 mixed IDC-ILC with associated intermediate nuclear grade DCIS.
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Fewer studies have evaluated MRI in
women at intermediate risk, including
women with a personal history of breast
cancer, prior atypical biopsy or lobular
carcinoma in situ, intermediate family
history of breast cancer (lifetime risk of
15%-20% per the American Cancer So-
ciety guidelines26), or women whose only
risk factor is dense breasts. Recent stud-
ies collectively suggest that supplemen-
tal MRI screening may be reasonable for
women with a personal history of breast
cancer and also found false positives to
be less frequent than for women with a
family history of breast cancer.28-30

For high-risk women unable to un-
dergo MRI,15 and for intermediate-risk
women with dense breasts, including
those with a personal history of breast
cancer, this study supports the use of
supplemental screening with ultra-
sound in addition to mammography.
With either MRI or ultrasound, the risks
of false positives, including unneces-
sary biopsies, were lower for supplemen-
tal screening in women with a personal
history of breast cancer than in women
without. The outcomes in terms of stag-
ing, node-positive disease, and interval
cancer rates achieved in this study after

3 years of programmatic screening with
both ultrasound and mammography
were comparable with benchmarks from
studies that included MRI.10-13,25

If screening ultrasound were to be ad-
opted for women with dense breasts who
are not candidates for MRI, there would
be obstacles to its implementation. These
include the availability of only 1 cur-
rent procedural terminology (CPT)
code, 76645, for breast ultrasound, with
low reimbursement (2010 Medicare re-
imbursement averaged a global fee of
$89.85 to $91.83,31 which does not cover
the costs of physicians performing and

Table 3. Screening Performance in 2662 Unique Participants Screened 3 Years With Mammography and Physician-Performed Ultrasound

Mammography Alone
Combined Mammography

Plus Ultrasound

Difference of
(Mammography Plus

Ultrasound) and
Mammography Alone Ultrasound Alone

No./Total
of Women

Estimate
(95% CI)

No./Total
of Women

Estimate
(95% CI)

Estimate
(95% CI)

P
Value

No./Total
of Women

Estimate
(95% CI)

Yield, per 1000
Screen 1 20/2659 7.5 (4.6 to 11.6) 34/2659 12.8 (8.9 to 17.8) 5.3 (2.1 to 8.4) �.001 24/2659 9.0 (5.8 to 13.4)

Screen 2,3a 39/4814 8.1 (5.8 to 11.1) 57/4814 11.8 (9.0 to 15.3) 3.7 (2.1 to 5.8) �.001 34/4814 7.1 (4.9 to 9.9)

AUC
Screen 1 0.74 (0.63 to 0.84) 0.94 (0.89 to 0.99) 0.20 (0.10 to 0.30) �.001 0.76 (0.66 to 0.87)

Screen 2 0.75 (0.65 to 0.86) 0.89 (0.82 to 0.97) 0.14 (0.03 to 0.25) .01 0.71 (0.58 to 0.84)

Screen 3 0.72 (0.64 to 0.81) 0.82 (0.74 to 0.89) 0.10 (0.00 to 0.18) .04 0.62 (0.52 to 0.72)

Sensitivity, %
Screen 1 20/36 55.6 (38.1 to 72.1) 34/36 94.4 (81.3 to 99.3) 38.9 (20.2 to 57.6) �.001 24/36 66.7 (49.0 to 81.4)

Screen 2,3 39/75 52.0 (40.2 to 63.7) 57/75 76.0 (64.7 to 85.1) 24.0 (14.7 to 33.3) �.001 34/75 45.3 (33.8 to 57.3)

Specificity, %
Screen 1 2337/2623 89.1 (87.8 to 90.3) 1950/2623 74.3 (72.6 to 76.0) −14.8

(−16.3 to −13.2)
�.001 2092/2623 79.8 (78.2 to 81.3)

Screen 2,3 4325/4739 91.3 (90.4 to 92.1) 3987/4739 84.1 (83.1 to 85.2) −7.1 (−8.0 to −6.3) �.001 4258/4739 89.9 (89.0 to 90.7)

Recall rate, %
Screen 1 306/2659 11.5 (10.3 to 12.8) 707/2659 26.6 (24.9 to 28.3) 15.1 (13.5 to 16.6) �.001 555/2659 20.9 (19.3 to 22.5)

Screen 2,3 453/4814 9.4 (8.6 to 10.3) 809/4814 16.8 (15.8 to 17.9) 7.4 (6.6 to 8.2) �.001 515/4814 10.7 (9.8 to 11.6)

PPV1, %b

Screen 1 20/306 6.5 (4.0 to 9.9) 34/707 4.8 (3.4 to 6.7) −1.7 (−3.7 to 0.1) .07 24/555 4.3 (2.8 to 6.4)

Screen 2,3 39/453 8.6 (6.2 to 11.6) 57/809 7.0 (5.4 to 9.0) −1.6 (−3.1 to −0.2) .04 34/515 6.6 (4.6 to 9.1)

Short-term
follow-up
rate, %

Screen 1 84/2659 3.2 (2.5 to 3.9) 368/2659 13.8 (12.5 to 15.2) 10.7 (9.5 to 11.9) �.001 296/2659 11.1 (10.0 to 12.4)

Screen 2,3 76/4814 1.6 (1.2 to 2.0) 256/4814 5.3 (4.7 to 6.0) 3.7 (3.2 to 4.3) �.001 190/4814 3.9 (3.4 to 4.5)

Biopsy rate, %
Screen 1 65/2659 2.4 (1.9 to 3.1) 272/2659 10.2 (9.1 to 11.4) 7.8 (6.7 to 8.8) �.001 233/2659 8.8 (7.7 to 9.9)

Screen 2,3 97/4814 2.0 (1.6 to 2.5) 339/4814 7.0 (6.3 to 7.8) 5.0 (4.4 to 5.7) �.001 266/4814 5.5 (4.9 to 6.2)

PPV3, %c

Screen 1 19/65 29.2 (18.6 to 41.8) 31/272 11.4 (7.9 to 15.8) −17.8
(−26.7 to −9.3)

�.001 21/233 9.0 (5.7 to 13.4)

Screen 2,3 37/97 38.1 (28.5 to 48.6) 55/339 16.2 (12.5 to 20.6) −21.9
(−28.7 to −14.7)

�.001 31/266 11.7 (8.1 to 16.1)

Abbreviations: AUC, area under the curve; PPV, positive predictive value.
aScreen 2,3 refers to incidence screens in years 2 and 3 (ie, at 12 and 24 mo after study entry respectively).
bDefined as the malignancy rate among women with a positive screening test (ie, assessment of BI-RADS 3 or higher and recalled from screening for further testing or short-interval

follow-up).
cDefined as the malignancy rate among women with a positive screening test who underwent biopsy of the same lesion.
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interpreting a thorough screening ex-
amination). While supplemental can-
cer detection rates with technologist-
performed screening ultrasound were
similar to physician-performed ultra-
sound in one series,4 there remains a
shortage of qualified breast ultrasound
technologists.

There are a few limitations to this
study. Additional node-negative inva-
sive cancers were found by adding
screening ultrasound to mammogra-
phy in each incidence screen, and in-
creasing detection of such cancers cor-
relates with mortality reduction.32

However, we did not have a control
group with no ultrasound performed

with which we could compare clinical
outcomes, and mortality was not as-
sessed. In Japan, the ongoing Japan Stra-
tegic Anti-Cancer Randomized Trial
( J-START) of biennial mammogra-
phy, with or without technologist-
performed screening ultrasound does
have such a control group.33 We only
performed a single screening MRI, and
false positives would be expected to de-
crease in subsequent years.11,23 Not all
sites in the original ACRIN 6666 pro-
tocol were able to offer MRI.

CONCLUSION
The cancer detection benefit from
supplemental screening ultrasound seen

on the first screening persisted with
each annual screening. Rates of bi-
opsy for findings seen only on ultra-
sound remained substantial on inci-
dence screens, representing 5% of
women, with only 7.4% of those women
found to have cancer. Risks of false-
positives were lower in women with a
personal history of breast cancer than
in women without.

As has been seen in other stud-
ies,10,11,25,34 MRI significantly increased
detection of early breast cancer beyond
that seen with mammography or mam-
mography combined with ultrasound.
The 56% absolute increase in cancer de-
tection seen in the MRI substudy (16 of

Table 4. Screening Performance in 612 Participants Screened by Magnetic Resonance Imaging After 3 Annual Mammography and Ultrasound
Screenings

Combined
Mammography

Plus
Ultrasound

Combined
Mammography

Plus
Ultrasound
Plus MRI

Difference of
(Mammography Plus
Ultrasound Plus MRI)
and (Mammography

Plus Ultrasound)

Mammograhy
Alone

Combined
Mammography

Plus MRI

Difference of
(Mammography Plus

MRI) and
Mammography Alone

MRI Alone
Estimate
(95% CI)

P
Valuea

Estimate
(95% CI)

P
Valueb

Yield (95% CI),
per 1000c

11.4
(4.6 to 23.4)

26.1
(15.0 to 42.1)

14.7
(3.5 to 25.9)

.004 8.2
(2.7 to 19.0)

26.1
(15.0 to 42.1)

18.0
(5.8 to 30.1)

�.001 22.9
(12.6 to 38.1)

No./total 7/612 16/612 5/612 16/612 14/612

AUC (95% CI) 0.69
(0.55 to 0.83)

0.95
(0.91 to 0.99)

0.26
(0.11 to 0.42)

�.001 0.63
(0.47 to 0.78)

0.94
(0.90 to 0.98)

0.31
(0.16 to 0.46)

�.001 0.87
(0.75 to 0.98)

Sensitivity
(95% CI), %

43.8
(19.8 to 70.1)

100.0
(79.4 to 100.0)

56.3
(25.7 to 86.8)

.004 31.3
(11.0 to 58.7)

100.0
(79.4 to 100.0)

68.8
(39.8 to 97.7)

�.001 87.5
(61.7 to 98.4)

No./total 7/16 16/16 5/16 16/16 14/16

Specificity
(95% CI), %

84.4
(81.2 to 87.2)

65.4
(61.5 to 69.3)

−19.0
(−22.3 to −15.6)

�.001 92.1
(89.7 to 94.1)

70.6
(66.8 to 74.3)

−21.5
(−24.9 to −18.0)

�.001 75.7
(72.0 to 79.1)

No./total 503/596 390/596 549/596 421/596 451/596

Recall rate
(95% CI) , %

16.3
(13.5 to 19.5)

36.3
(32.5 to 40.2)

19.9
(16.6 to 23.3)

�.001 8.5
(6.4 to 11.0)

31.2
(27.6 to 35.0)

22.7
(19.2 to 26.2)

�.001 26.0
(22.5 to 29.6)

No./total 100/612 222/612 52/612 191/612 159/612

PPV1 (95% CI),
%d

7.0
(2.9 to 13.9)

7.2
(4.2 to 11.4)

0.2
(−3.8 to 4.0)

.92 9.6
(3.2 to 21.0)

8.4
(4.9 to 13.2)

−1.2
(−8.0 to 4.6)

.70 8.8
(4.9 to 14.3)

No./total 7/100 16/222 5/52 16/191 14/159

Short-term
follow-up rate
(95% CI), %

4.6
(3.1 to 6.5)

19.6
(16.5 to 23.0)

15.0
(12.0 to 18.0)

�.001 0.5
(0.1 to 1.4)

16.3
(13.5 to 19.5)

15.8
(12.8 to 18.9)

�.001 15.8
(13.0 to 19.0)

No./total 28/612 120/612 3/612 100/612 97/612

Biopsy rate
(95% CI), %

6.2
(4.4 to 8.4)

13.2
(10.7 to 16.2)

7.0
(4.8 to 9.2)

�.001 1.6
(0.8 to 3.0)

9.6
(7.4 to 12.3)

8.0
(5.7 to 10.3)

�.001 8.5
(6.4 to 11.0)

No./total 38/612 81/612 10/612 59/612 52/612

PPV3 (95% CI),
%e

18.4
(7.7 to 34.3)

18.5
(10.8 to 28.7)

0.1
(−8.8 to 8.8)

.98 50.0
(18.7 to 81.3)

25.4
(15.0 to 38.4)

−24.6
(−51.2 to 3.7)

.08 23.1
(12.5 to 36.8)

No./total 7/38 15/81 5/10 15/59 12/52
Abbreviation: MRI, magnetic resonance imaging; PPV, positive predictive value.
aP value that observed difference of combined mammography plus ultrasound, and MRI vs mammography plus ultrasound occurred by chance.
bP value that observed difference of combined mammography and MRI vs mammography alone occurred by chance.
cYield is the cancer detection rate.
dDefined as the malignancy rate among women with a positive screening test (ie, assessment of BI-RADS 3 or higher and recalled from screening for further testing or short-interval

follow-up).
eDefined as the malignancy rate among women with a positive screening test who underwent biopsy of the same lesion.
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16 vs 7 of 16) was greater than the 34%
absolute increase in invasive cancer de-
tection (71 of 89 vs 41 of 89) seen by
adding annual ultrasound to mammog-
raphy in the main ACRIN 6666 study.
However, given the low clinically de-
tected interval cancer rate of 8% in the
main ACRIN 6666 protocol and given
the fact that all interval cancers re-
mained node-negative at diagnosis, it is
unclear that the added cost and re-
duced tolerability of screening MRI are
justified in women at intermediate risk
for breast cancer in lieu of supplemen-
tal screening with ultrasound. Despite
its higher sensitivity, the addition of
screening MRI rather than ultrasound to
mammography in broader populations
of women at intermediate risk with
dense breasts may not be appropriate,
particularly when the current high false-
positive rates, cost, and reduced toler-
ability of MRI are considered.
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In anticipation of breast density notification legislation in 
the state of California, which would require notification of 
women with heterogeneously and extremely dense breast 
tissue, a working group of breast imagers and breast can-
cer risk specialists was formed to provide a common re-
sponse framework. The California Breast Density Infor-
mation Group identified key elements and implications of 
the law, researching scientific evidence needed to develop 
a robust response. In particular, issues of risk associated 
with dense breast tissue, masking of cancers by dense 
tissue on mammograms, and the efficacy, benefits, and 
harms of supplementary screening tests were studied and 
consensus reached. National guidelines and peer-reviewed 
published literature were used to recommend that women 
with dense breast tissue at screening mammography fol-
low supplemental screening guidelines based on breast 
cancer risk assessment. The goal of developing educa-
tional materials for referring clinicians and patients was 
reached with the construction of an easily accessible Web 
site that contains information about breast density, breast 
cancer risk assessment, and supplementary imaging. This 
multi-institutional, multidisciplinary approach may be use-
ful for organizations to frame responses as similar legisla-
tion is passed across the United States.
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density assessment, these are not part 
of common practice. On the basis of 
large-scale population-based data from 
a representative sample of mammogra-
phy practices in the United States, the 
frequency distribution of the BI-RADS 
density categories is approximately as 
follows: almost entirely fatty, 10%; scat-
tered areas of fibroglandular density, 
40%; heterogeneously dense, 40%; and 
extremely dense, 10% (2). All women 
who fall into the heterogeneously dense 
and extremely dense categories—ap-
proximately 50% of women who un-
dergo screening mammography—must 
be informed that they have dense 
breasts under the California law. Ap-
proximately 4 million screening mam-
mography examinations are performed 
annually in California (3–6). Therefore, 
taking into consideration both screen-
ing and diagnostic mammographic ex-
aminations, more than 2 million women 
will receive a density notification letter 
each year in this state alone.

One important effect of increased 
breast density is a decrease in mam-
mographic sensitivity (masking). It 
has been demonstrated that mam-
mographic sensitivity is diminished in 
dense breasts (7–12). The magnitude 
of this decrease varies depending on 
patient age, the density categories that 

other states could use to develop their 
own response to pending or already en-
acted legislation.

The key issues involved in breast 
density notification involve (a) the rel-
ative risk of breast cancer associated 
with dense breasts, (b) masking of 
cancers by overlying breast tissue at 
mammography, and (c) the efficacy, 
benefits, and harms of supplementary 
screening tests. We sought to provide 
a balanced viewpoint on the available 
scientific data, independent of positions 
advanced by the manufacturing sector, 
radiology practices with existing scien-
tific or financial investments in specific 
supplementary screening technology, 
and patient advocacy groups. Our goal 
was to construct an online resource of 
user-friendly, evidence-based informa-
tion for patients, referring clinicians, 
and radiologists.

Our work led us to the develop-
ment of a document suitable for Inter-
net access, entitled “Frequently Asked 
Questions About Breast Density, Breast 
Cancer Risk, and the Breast Density 
Notification Law in California: A Con-
sensus Document.” We concluded that 
an online working document, although 
easily accessible and navigated, would 
also allow us to promptly update infor-
mation as new scientific data become 
available. The document is available 
free online at www.breastdensity.info 
and included in Appendix E1 (online). 
The legislated notification statements 
are in Appendix E2 (online).

The remainder of this special re-
port is a summary of our discussions, 
the issues practitioners are likely to en-
counter, and a brief review of the most 
pertinent literature that supports our 
frequently asked questions document.

CBDIG Position on Breast Density and 
Its Implications

Breast density is currently classified 
by the subjective visual assessment 
of the interpreting physician into one 
of four categories, as defined by the 
American College of Radiology’s Breast 
Imaging Reporting and Data System 
(BI-RADS) (1) (Figure). Although 
new technologies provide quantitative 

In 2009, Connecticut enacted a law 
mandating patient and referring 
physician notification when the pat-

tern of fibroglandular tissue on a pa-
tient’s mammogram was considered 
dense by the interpreting radiologist. 
Similar bills have since been proposed 
in many other states, nine of which 
have already passed into law. In Califor-
nia, mandatory reporting requirements 
took effect on April 1, 2013.

Radiologists are now faced with re-
sponding to both patients and referring 
physicians in trying to reconcile the 
legislative intent of density notification 
with realistic and practical practice pat-
terns. In California, a working group of 
breast imagers and breast cancer risk 
specialists was formed soon after the 
passage of the law in an attempt to pro-
vide a common response framework. 
The California Breast Density Informa-
tion Group (CBDIG) was composed of 
academic and community-based spe-
cialists and began a series of weekly 
conference calls aiming to produce 
accessible and valuable materials. We 
recognized that many institutions would 
also respond individually, based on lo-
cal concerns, preferences, and available 
resources. The purpose of the coalition 
was to leverage the expertise of prac-
titioners at multiple California institu-
tions to develop an evidence-based con-
sensus. This deliberative process could 
also provide a model that physicians in 

Advances in Knowledge

 n Approximately 50% of women 
have breast tissue that is classi-
fied by the interpreting physician 
as either heterogeneously dense 
or extremely dense, translating 
into approximately 2 million 
women in the state of California 
receiving a density notification 
letter annually.

 n Primary issues relating to breast 
density include the cancer risk 
imparted by dense tissue and the 
masking effect.

 n For patients who are interested 
in additional screening options, a 
breast cancer risk assessment 
may be appropriate.
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are compared (13,14), and the number 
of modalities used to identify a can-
cer (15,16). Population-based density 
data for more than 300 000 American 
women have demonstrated that, com-
pared with women of “average” breast 
density (approximately halfway be-
tween scattered areas of fibroglandular 
density and heterogeneously dense [2], 
which represents the most clinically 
relevant approach), the reduction in 
sensitivity is approximately 7 percent-
age points for the 40% of women with 
heterogeneously dense breasts and 
approximately 13 percentage points 
for the 10% of women with extremely 
dense breasts (13). This reduction in 
mammographic sensitivity is a major 
contributor to the impetus for supple-
mentary screening modalities.

An additional effect of increased 
mammographic breast density is an in-
crease in breast cancer risk. The im-
pact of density on breast cancer risk 
may be misinterpreted as overly impor-
tant when reviewing studies that de-
scribe the risk by comparing the 10% 
of women with extremely dense breasts 
to the 10% of women with almost en-
tirely fatty breasts (17–23). This is 
less meaningful to the overwhelming 
majority of women because the risk 
comparison is based on such a small 
population subset at the two extremes 
of the density spectrum. When risk is 
expressed relative to average breast 
density, the risk for the 40% of women 
with heterogeneously dense breasts is 
about 1.2 times greater than average 
and the risk for the 10% of women with 
extremely dense breasts is about 2.1 
times greater (17). Therefore, breast 
density is a risk factor, but not a strong 
one. For example, the risk for a woman 

Mediolateral oblique mammographic views 
demonstrate the four BI-RADS breast density 
categories. (a) Almost entirely fatty. (b) Scattered 
fibroglandular density. (c) Heterogeneously dense, 
which may obscure detection of small masses. (d) 
Extremely dense, which lowers the sensitivity of 
mammography.
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high-risk factors (eg, BRCA genetic 
mutation). Apart from these, the stron-
gest risk factors for breast cancer are 
personal or family history (especially at 
least one first-degree relative with pre-
menopausal breast or ovarian cancer) 
and personal history of atypia at previ-
ous biopsy. Although none of these risk 
factors, including dense breasts, indi-
vidually place a woman in the high-risk 
category, they may identify those who 
would benefit from a more complete 
risk assessment.

For the small number of asymptom-
atic patients who are identified as high 
risk on the basis of complete risk as-
sessment, supplementary screening is 
recommended. The American Cancer 
Society, American College of Radiology, 
and National Comprehensive Cancer 
Network recommend screening breast 
MR imaging annually in addition to 
yearly mammography for these patients 
(28,29,38). Although the California 
legislature did not mandate insurance 
coverage for any supplementary breast 
cancer screening tests, screening MR 
imaging is generally reimbursed for 
women who are at a lifetime risk of 
greater than 20%. Some studies have 
provided support for screening US for 
high-risk women, but only for those 
who have no access to or cannot un-
dergo MR imaging (29,31). If a woman 
undergoes screening MR imaging, 
screening US will provide no additional 
benefit (39–43). In addition, many fa-
cilities either do not offer screening US 
or offer it with out-of-pocket charges to 
the patient.

For patients who are not at high 
risk, including women with no risk fac-
tors other than dense breasts, the pre-
test probability of breast cancer is low. 
Therefore, the benefit of supplementary 
screening is diminished, whereas the 
potential drawbacks remain the same.

Supplementary screening of the 
general population of women with 
heterogeneously dense and extremely 
dense breasts remains controversial. 
Among Connecticut women who re-
ceived a density notification letter, 
three small studies have shown that 
screening US helped identify 3.2, 3.2, 
and 1.8 mammographically occult 

The radiation dose of the combined 
two-dimensional plus three-dimension-
al (3D) mammography examination (as 
is required for all tomosynthesis exami-
nations) is approximately double that of 
two-dimensional mammography alone. 
However, this dose still falls below U.S. 
Food and Drug Administration (FDA) 
limits and dose reduction strategies are 
being actively developed. In particular, 
the use of synthesized two-dimensional 
mammographic images created from 
3D data has received recent FDA ap-
proval, resulting in substantial dose 
reduction. Thus, the dose-related risk 
implications for women are considered 
acceptable.

The California breast density law 
seeks to promote discussion between 
women with dense breasts and their 
physicians regarding the advisability 
of supplemental screening. In making 
this decision, the benefit of early can-
cer detection versus the drawback of 
increased false-positive findings should 
be considered. The higher the cancer 
risk, the more likely there will be ben-
efit from supplemental screening. The 
benefit-versus-drawback assessment 
will be more favorable for women who 
are at high risk on the basis of multiple 
factors than it will be for average-risk 
women who only have dense breasts. 
Thus, CBDIG recommends an individ-
ualized risk-based approach for guiding 
the decision-making process with re-
gard to supplementary screening.

In agreement with the American 
Cancer Society and National Compre-
hensive Cancer Network, CBDIG sup-
ports the use of validated mathematic 
models to determine a patient’s breast 
cancer risk (28,30). Proper use of 
these models requires that the health 
care provider be fully informed of their 
merits and weaknesses. Providers can 
perform a risk assessment or refer 
the patient to a specialized program. 
However, given the estimated millions 
of women who will receive density no-
tification letters, the time demands for 
detailed risk assessment are likely to 
be unmanageable. Therefore, it may 
be valuable for clinicians to elicit “red 
flag” risk factors to rapidly triage pa-
tients. Most important are the known 

with extremely dense breasts is similar 
to that for a woman with one first-de-
gree relative with unilateral postmeno-
pausal breast cancer. Furthermore, it 
makes little sense to consider half of 
the population undergoing screening 
mammography at high risk for breast 
cancer. Overall, CBDIG believes the 
masking effect of breast density is likely 
of greater import than the increase in 
breast cancer risk associated with den-
sity alone.

CBDIG Position on Supplementary 
Screening Modalities and a Risk-based 
Approach

Mammography is the best single modal-
ity for population-based screening (24). 
It is the only modality proved to signif-
icantly reduce mortality from breast 
cancer in large randomized controlled 
trials (25–27). Those trials included 
women of all breast densities and were 
randomized independent of breast den-
sity. Thus, any supplementary screening 
should be obtained in addition to (not 
instead of) screening mammography, in 
accordance with nationally recognized 
guidelines (28–30).

Supplementary screening tests un-
der consideration for widespread use 
include breast magnetic resonance 
(MR) imaging, screening breast ultraso-
nography (US), and tomosynthesis. In 
the general population, both US and, to 
a greater extent, MR imaging provide 
increased cancer detection over that 
with mammography alone (31). How-
ever, compared with mammography, 
screening US is associated with a much 
higher rate of benign biopsies (31–34) 
and both MR imaging and US result in 
a much higher rate of recommendation 
for short-interval follow-up (17,34,35). 
Although not as widely studied, tomo-
synthesis is currently being introduced 
into many radiology practices and pre-
liminary data are encouraging. Popula-
tion-based screening trials suggest that 
tomosynthesis may increase breast can-
cer detection similar to US (albeit not 
as much as MR imaging) and that to-
mosynthesis decreases the rate of false-
positive findings, even below that seen 
in screening mammography (36,37). 
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 4. Mammography Quality Standards Act and 
Programs; US Food and Drug Administra-
tion. http://www.fda.gov/Radiation-Emit-
tingProducts/MammographyQualityStan-
dardsActandProgram/default.htm. Accessed 
March 11, 2013.

 5. NCI-funded Breast Cancer Surveillance 
Consortium. (U01CA63740, U01CA86076, 
U01CA86082, U01CA63736, U01CA70013, 
U01CA69976, U01CA63731, U01CA70040, 
HHSN261201100031C). Breast Cancer 
Surveillance Consortium Web site. http://
breastscreening.cancer.gov/data/mammog-
raphy_data.html. Accessed March 11, 2013.

 6. Sickles EA, Miglioretti DL, Ballard-Bar-
bash R, et al. Performance benchmarks 
for diagnostic mammography. Radiology 
2005;235(3):775–790. 

 7. Egan RL, Mosteller RC. Breast can-
cer mammography patterns. Cancer 
1977;40(5):2087–2090. 

 8. Whitehead J, Carlile T, Kopecky KJ, et al. 
Wolfe mammographic parenchymal pat-
terns: a study of the masking hypothesis 
of Egan and Mosteller. Cancer 1985;56(6): 
1280–1286. 

 9. van Gils CH, Otten JD, Verbeek AL, Hen-
driks JH. Mammographic breast density and 
risk of breast cancer: masking bias or causal-
ity? Eur J Epidemiol 1998;14(4):315–320. 

 10. Buist DS, Porter PL, Lehman C, Taplin SH, 
White E. Factors contributing to mammog-
raphy failure in women aged 40-49 years. J 
Natl Cancer Inst 2004;96(19):1432–1440. 

 11. Jackson VP, Hendrick RE, Feig SA, Kopans 
DB. Imaging of the radiographically dense 
breast. Radiology 1993;188(2):297–301.

 12. Pinsky RW, Helvie MA. Mammographic 
breast density: effect on imaging and breast 
cancer risk. J Natl Compr Canc Netw 
2010;8(10):1157–1164; quiz 1165.

 13. Carney PA, Miglioretti DL, Yankaskas 
BC, et al. Individual and combined effects 
of age, breast density, and hormone re-
placement therapy use on the accuracy of 
screening mammography. Ann Intern Med 
2003;138(3):168–175. 

 14. Kerlikowske K, Grady D, Barclay J, Sickles 
EA, Ernster V. Effect of age, breast den-
sity, and family history on the sensitivity 
of first screening mammography. JAMA 
1996;276(1):33–38. 
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Evidence of the effect of adjunct ultrasound 
screening in women with mammography-
negative dense breasts: interval breast 
cancers at 1 year follow-up. Eur J Cancer 
2011;47(7):1021–1026. 

clinicians and patients. Statewide col-
laborations like CBDIG can assist in 
developing broad-scope guidelines 
and educational materials, which may 
minimize the burden for individual 
breast imaging facilities. The multi-in-
stitutional, multidisciplinary CBDIG 
approach may be a method for organi-
zations to frame responses to individ-
ual state laws as similar legislation is 
passed across the United States.
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(35,44,45). Most cancers found with 
screening US are invasive and at an 
early stage. This suggests a benefit to 
screening US. However, there are sev-
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study has provided long-term follow-up. 
Thus, we do not know the clinical im-
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although a reduction in the cancer de-
tection rate would be expected (31). 
This is an important consideration 
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examinations involve incidence rather 
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be more favorable in centers with a 
dedicated program. Although future 
large-scale studies will likely address a 
number of these concerns, they remain 
pertinent based on currently published 
literature.

Summary

Breast density notification legislation is 
becoming increasingly prevalent. The 
impact of these laws is far reaching, 
and radiologists should take a proac-
tive role in assessing the need for po-
tential change in their practices and in 
translating currently available outcomes 
data into information for referring cli-
nicians and patients that can be easily 
understood and accessed. In our era of 
patient-centered care and personalized 
medicine, breast density notification 
legislation provides an opportunity for 
radiologists to engage with referring 
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March 15, 2014 
 
Health Care Authority 
626 8th Ave SE  
P.O. Box 42712 
Olympia, WA 98504‐2712 
 
Attention: Christine Masters at shtap@hca.wa.gov  
 
Dear Members of the Washington State Health Care Authority: 
 
On behalf of the nearly 50,000 members of the Obesity Action Coalition (OAC), I am pleased to provide comments in response to the 
February 28, 2014 notice regarding proposed topics for review by the Washington State Health Care Authority’s (HCA) Health 
Technology Assessment (HTA) program. The OAC’s comments will focus on bariatric surgery for those affected by obesity. 
 
Evidence‐based literature clearly demonstrate that people affected by obesity can substantially improve their health and quality of life 
when they have access to a continuum of medically necessary treatment – including behavioral, nutritional, pharmaceutical, 
psychosocial and surgical treatment. Even a 5 to 10 percent weight‐loss produces clinically significant reductions in risk factors for 
chronic diseases such as diabetes, hypertension, arthritis, heart disease, mental illness, lipid disorders, pulmonary disease (obstructive 
sleep apnea and restrictive lung disease), and certain cancers.  
 
Throughout its existence, the OAC has learned from our membership that there is no “one‐size‐fits‐all approach to treating obesity.” 
Nationwide, OAC members are advocating on the state and federal level for access to all evidence‐based treatment options for the 
disease of obesity. More than 40 states across the country provide bariatric surgery coverage for their state employees and nearly 
every state Medicaid program offers this benefit for its low‐income residents. We are pleased that Washington State can be counted 
among these states that recognize the benefits associated with bariatric surgery for their state employees and Medicaid recipients.  
 
Therefore, it is our hope that the Washington State HCA is simply evaluating the growing evidence in support of metabolic and 
bariatric surgery and the tremendous possibilities that this particular intervention holds for those in the early stages of obesity (body 
mass index between 30 and 34.9 kg/m2). The OAC encourages HCA members to carefully review the evidence and practice guidelines 
that are included in the American Society for Metabolic and Bariatric Surgery’s formal comments on the February 28th notice.  We 
believe that this evidence clearly speaks to the necessity of maintaining the bariatric surgery benefit for Washington state employees. 
 
On behalf of the more than 900 OAC members in the State of Washington, I thank you for your consideration of the OAC’s comments 
on this issue. Should you have any questions or need additional information, please feel free to contact either me, or the OAC’s 
Washington Policy Consultant Christopher Gallagher at 571‐235‐6475 or via email at chris@potomaccurrents.com. Thank you. 
 
Sincerely, 

 
Joe Nadglowski 
President & CEO 
Obesity Action Coalition 
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Masters, Christine V. (HCA)

From: Peery, Harrison <Hpeery@entnet.org>
Sent: Monday, March 17, 2014 12:31 PM
To: HCA ST Health Tech Assessment Prog
Cc: Kappel, Jenna; Minton, Jenna; Jarchow, Danielle; Brereton, Jean; Masters, Christine V. 

(HCA)
Subject: Re: WHA Topics for Review in 2015: Imaging for Rhinosinusitis and Tympanostomy 

Tubes

Importance: High

 
Dear Ms. Masters: 
  
The American Academy of Otolaryngology – Head and Neck Surgery (AAO‐HNS) represents approximately 
12,000 physicians in the United States who diagnose and treat disorders of the ears, nose, throat, and related 
structures of the head and neck. The medical ailments treated by this specialty are the most common that 
afflict all Americans, old and young, including hearing loss, balance disorders, chronic ear infections, 
rhinological disorders, snoring and sleep disorders, swallowing disorders, facial and cranial nerve disorders, 
and head and neck cancer. 
  
After reviewing the Washington Healthcare Authority's (WHA's) most recent selections for health technologies 
to undergo review in 2015, we have identified several AAO‐HNS resources that are directly relevant to WHA's 
review of two topics: 1) Imaging for Rhinosinusitis and 2)Tympanostomy Tubes.  We hope that WHA will 
consider the following AAO‐HNS resources as evidence for consideration during review of these two important 
topics: 
  
Imaging for Rhinosinusitis:  

• Clinical Practice Guideline on Adult Sinusitis (Update in 
Progress): http://www.entnet.org/guide_lines/Adult‐Sinusitis.cfm 

• Clinical Consensus Statement on Imaging for Paranasal Sinus 
Disease: http://oto.sagepub.com/content/147/5/808.abstract 

• Clinical Indicator Adult Sinus Surgery: http://www.entnet.org/Practice/Endoscopic‐Sinus‐Surgery‐
Adult.cfm 

• Clinical Indicator Pediatric Sinus Surgery: http://www.entnet.org/Practice/Endoscopic‐Sinus‐Surgery‐
Pediatric.cfm 

• Clinical Indicator Diagnostic Nasal Endoscopy: http://www.entnet.org/Practice/Diagnostic‐Nasal‐
Endoscopy.cfm 

• Position Statement on Intra‐Operative Use of Computer Guided 
Imagery  http://www.entnet.org/Practice/policyIntraOperativeSurgery.cfm 

• Position Statement on Sinus Endoscopy: http://www.entnet.org/Practice/policySinusEndoscopy.cfm 
• Position Statement on Point of Care 

Imaging: http://www.entnet.org/Practice/policyReimburseImagingStudies.cfm 
• Patient Fact Sheet on Allergic Rhinitis, Sinusitis and 

Rhinosinusitis: http://www.entnet.org/HealthInformation/rhinitis.cfm 

Tympanostomy Tubes:  
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• Clinical Practice Guideline: Tympanostomy Tubes in 
Children: http://www.entnet.org/guide_lines/Tubes.cfm 

• Clinical Indicator on Myringotomy and Tympanostomy 
Tubes: http://www.entnet.org/Practice/Myringotomy‐and‐Tympanostomy‐Tubes.cfm 

• Position Statement on Middle‐Ear Ventilation Tube 
Placement: http://www.entnet.org/Practice/policyMidEarVentPlacement.cfm 

  
 
If you have further information regarding the schedule and process of these two reviews, please feel free to 
forward on and keep us posted as we would like to submit additional comments and potentially have one of 
our physician leaders attend the meetings as we have done in the past. Please let me know if you have any 
questions about any of the above listed resources. 
  
Best Regards, 
  
Harrison Peery 
Health Policy Analyst 
American Academy of Otolaryngology ‐ Head and Neck Surgery 
P: 703‐535‐3728 
E: hpeery@entnet.org 
 
  
From: Masters, Christine V. (HCA) [mailto:christine.masters@hca.wa.gov]  
Sent: Friday, February 28, 2014 8:31 PM 
Subject: HTA Program Update: Six topics chosen for future review 
  
The Health Care Authority Director has selected five health technologies to undergo initial review and coverage 
decisions by the Health Technology Clinical Committee (HTCC) beginning in 2015.  One additional topic has been 
selected for re‐review by the HTCC.  The list of selected topics appears below and on the HTA website. 
  
  
Topics Selected for Review: 

1.       Testosterone Testing 
2.       Bariatric Surgery for Overweight/ Obese 
3.       Imaging for Rhinosinusitus 
4.       Appropriate Breast Imaging for Breast Cancer Screening in Special Conditions 
5.       Tympanostomy Tubes  

  
Topics Selected for Re‐review: 

1.       Lumbar Fusion 
  

  

To gather information and evidence for consideration during review of the selected topics, public comments will be 
accepted from February 28th until 5 p.m. March 17, 2014.  Please submit all comments to: shtap@hca.wa.gov . 
  
For more information about the Health Technology Assessment (HCA) Program or the topic selection process, visit our 
website. 
  
Christine Masters | Program Specialist 
Health Technology Assessment Program 
626 8th Avenue SE | Olympia, WA 98501 
Desk 360-725-5126 | christine.masters@hca.wa.gov  
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Response to the Washington State Health Care Authority’s Health Technology Assessment 

for 2001101 – Lumbar Fusion 

 

March 17, 2014 

Washington State Healthcare Authority 
Health Technology Assessment Program 
P.O. Box 42712 
Olympia, WA 98504-2712 

Re: Potential 2014 HTA Technology Topics 

To Whom It May Concern: 

We appreciate the opportunity to comment on the Potential 2014 HTA Technology Topics and in 

particular the inclusion for re-review of the guideline for Lumbar Fusion for Uncomplicated Degenerative 

Disc Disease.  We understand the challenges of maintaining clinical guidelines and we applaud your 

efforts to methodologically sound process.  

We have conducted a PubMed search, using the “key words” identified in your announcements, and 

have found numerous published studies since 2012.  A bibliography of these articles is enclosed for your 

reference.  In particular, we would like to direct your attention to a meta-analysis by Phillips, et al., 

which found that lumbar fusion is a viable treatment to patients that fail conservative management. 

Additionally, we want to make you aware of a recent review of the same topic by the Agency for 

Healthcare Research and Quality (AHRQ) which included six randomized control trials (RCTs), which 

found, overall, positive results when lumbar fusion was performed in this patient population.  In 

addition, we believe that any proper guideline should not rely solely on the published evidence, but 

should also consider expert opinion from the appropriate specialty societies.  Both the American 

Association of Neurological Surgeons (AANS) and the International Society for the Advancement of Spine 

Surgery (ISASS) have expressed opinions on this topic in response to the review conducted by AHRQ.  

We have enclosed a copy of the published letter from AANS and we have provided a web link to the 

policy statement on lumbar spinal fusion surgery by ISASS.      

 

 

Michael Bolen 
Director, State Government 
Affairs 
Medtronic, Inc. 
1424 Royal Oak Dr. 
Blue Bell, PA  19422 
 
tel  215 499 1379 
michael.bolen@medtronic.co
m 

 



While we have not addressed all the published data in our comments, we certainly look forward to your 

report on the potential of revised guideline and the opportunity to comment and/or discussion in 

person before the finalization of any revisions. Thank you again for the opportunity to comment. 

 

Sincerely, 

(Sent Electronically) 

Michael J. Bolen 

Director, Government Affairs 
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  Lumbar Spine Fusion for Chronic Low Back Pain 
Due to Degenerative Disc Disease 

 A Systematic Review 

     Frank M.   Phillips   ,   MD ,   *        Paul J.   Slosar   ,   MD ,   †        Jim A.   Youssef   ,   MD ,   ‡        Gunnar   Andersson   ,   MD, PhD ,   *    
and Frank Papatheofanis, MD, PhD§

  Study Design.   Systematic literature review.  

  Objective.   To categorize published evidence systematically for 

lumbar fusion for chronic low back pain (LBP) in order to provide 

an updated and comprehensive analysis of the clinical outcomes.  

  Summary of Background Data.   Despite a large number of 

publications of outcomes of spinal fusion surgery for chronic LBP, 

there is little consensus on efÞ cacy.  

  Methods.   A MEDLINE and Cochrane database search was 

performed to identify published articles reporting on validated 

patient-reported clinical outcomes measures (2 or more of visual 

analogue scale, Oswestry Disability Index, Short Form [36] Health 

Survey [SF-36] PCS, and patient satisfaction) with minimum 

12 months of follow-up after lumbar fusion surgery in adult patients 

with LBP due to degenerative disc disease. Twenty-six total articles 

were identiÞ ed and stratiÞ ed by level of evidence: 18 level 1 

(6 studies of surgery  vs.  nonoperative treatment, 12 studies of 

alternative surgical procedures), 2 level 2, 2 level 3, and 4 level 4 (2 

prospective, 2 retrospective). Weighted averages of each outcomes 

measure were computed and compared with established minimal 

clinically important difference values.  

  Results.   Fusion cohorts included a total of 3060 patients. The 

weighted average improvement in visual analogue scale back pain 

was 36.8/100 (standard deviation [SD], 14.8); in Oswestry Disability 

Index 22.2 (SD, 14.1); in SF-36 Physical Component Scale 12.5 

(SD, 4.3). Patient satisfaction averaged 71.1% (SD, 5.2%) across 

studies. Radiographical fusion rates averaged 89.1% (SD, 13.5%), 

 C
hronic low back pain (LBP), defi ned as pain lasting 
more than 3 months, is the second most common rea-
son for visits to a physician and the most common rea-

son for missing work across all socioeconomic strata in the 
United States.  1   –   3   Chronic LBP occurs in 5% to 8% of com-
munity-dwelling persons  4   ,   5   and is reported in 19% of work-
ing adults.  6   The total costs of the condition are estimated at 
more than $100 billion annually, with two-thirds of that due 
to decreased wages and productivity.  7   

 Chronic LBP is known to be associated with degeneration 
of the spinal motion segment.  1   ,   2   ,   8   –   10   Degeneration is thought 
to initiate in the intervertebral disc with subsequent degenera-
tion occurring in the facet joints.  8   Although disc degeneration 
occurs frequently with aging, and may be asymptomatic in 
most, in certain instances it can cause severe LBP.  1   –   10   

 Activity modifi cation, medications, and physical therapy 
remain the mainstay of nonoperative management of chronic 
LBP. Although potentially helpful in the acute setting, the 
results of physical therapy for chronic LBP are unclear, and 
there is limited evidence that physical therapy treatments help 
to prevent recurrent or chronic back pain.  11   ,   12   Narcotic medi-
cations are frequently prescribed and substance use disorders 
are common in patients with chronic back pain, and aberrant 
medication-taking behaviors occur in up to 24% of cases.  13   

 Patients with debilitating back pain who fail to fi nd relief 
with nonoperative management, and whose origin of pain is 
thought to reside within the motion segment may be consid-
ered for surgical fusion  14   ,   15   with the intent of eliminating pain-
ful motion. The effi cacy of fusion in the treatment of chronic 
LBP without radiculopathy has been challenged. With reports 
of increases in spinal surgical costs and volumes,  16   pressures for 

 From the  * Department of Orthopaedic Surgery, Rush University Medical 
Center, Chicago, IL  ;   † SpineCare Medical Group, San Francisco Spine Institute, 
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and reoperation rates 12.5% (SD, 12.4%) overall, 9.2% (SD, 7.5%) 

at the index level. The results of the collective studies did not differ 

statistically in any of the outcome measures based on level of 

evidence (analysis of variance,  P  . 0.05).  

  Conclusion.   The body of literature supports fusion surgery as a 

viable treatment option for reducing pain and improving function 

in patients with chronic LBP refractory to nonsurgical care when a 

diagnosis of disc degeneration can be made.  

  Key words:   low back pain  ,   disc degeneration  ,   lumbar fusion  , 

  outcome.      Spine   2013 ;38:E409–E422  
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 TABLE 1.     Search Criteria   

Limits
English (Language) “Humans” 
(Medical Subject Headings)

Search Terms (Inclusion)

Lumbar fusion surgery 
for low back pain due 
to degenerative disc 
disease

fusion [Title/Abstract] OR

surgery [Title/Abstract] OR

surgical [Title/Abstract] AND

lumbar AND

“degenerative disc disease” [Title/
Abstract] OR

“degenerative disk disease” [Title/
Abstract] OR

“disc degeneration” [Title/Abstract] OR

DDD [Title/Abstract] OR

spondylosis [Title/Abstract] OR

“back pain” [Title/Abstract]

Search Terms (Exclusion)

Nonclinical/preclinical/
diagnostic reports

NOT “case report*” [Title]

NOT “learning curve” [Title]

NOT biomechan* [Title/Abstract] OR

kinemat* [Title/Abstract] OR

“Þ nite element” [Title/Abstract]

NOT histo* [Title] OR

patho* [Title] OR

psycho* [Title]

NOT cadaver* [Title] OR

anatom* [Title]

NOT geometry [Title]

NOT imaging [Title] OR

MRI [Title]

NOT assessment [Title] OR

diagn* [Title]

Nonfusion surgical 
reports

NOT discectomy [Title] OR

microdiscectomy [Title] OR

laminectomy [Title] OR

decompress* [Title]

NOT dynamic [Title]

NOT nucle* [Title]

NOT laminoplasty [Title]

NOT kyphoplasty [Title] OR

 TABLE 1.     ( Continued )   

Limits
English (Language) “Humans” 
(Medical Subject Headings)

vertebroplasty [Title]

NOT osteotomy [Title]

Other treatments NOT injection* [Title]

NOT steroid* [Title]

NOT epidural [Title] OR

dura* [Title]

NOT electro* [Title] OR

electrical [Title]

NOT radio* [Title]

Other diagnoses NOT cervical [Title] OR

thoracic [Title] OR

pelvic [Title]

NOT scolio* [Title] OR

deformity [Title] OR

kyph* [Title]

NOT spondylolisthesis [Title]

NOT lytic [Title]

NOT isthmic [Title]

NOT tumor [Title] OR

carcinoma [Title]

NOT spondylolysis [Title]

NOT traum* [Title] OR

fracture [Title]

NOT infect* [Title] OR

osteomyelitis [Title] OR

spondylitis [Title] OR

tuberculosis [Title] OR

cyst [Title])

NOT stenosis [Title] OR

radicul* [Title] OR

nerve [Title] OR

“cauda equina syndrome” [Title] OR

“spinal cord” [Title] OR

sciatica [Title]

NOT adjacent [Title]

NOT children [Title] OR

adolescent [Title]
( Continued )

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

2014 Technology Topic Selection 58 of 77



LITERATURE REVIEW Fusion for CLBP • Phillips et al

Spine www.spinejournal.com E411

and/or diagnoses of degenerative disc disease (DDD) or 
spondylosis who were treated by lumbar fusion surgery 
at 1 or 2 disc levels through any surgical approach were 
reviewed. Some studies included patients with up to grade 
1 spondylolisthesis; however, these were only included if 
the study reported symptoms of back pain greater than leg 
pain. A search of the MEDLINE and Cochrane databases 
from 1950 through July of 2011 was conducted using the 
search terms outlined in  Table 1 .  

 Articles were included only if they reported on a minimum 
of 20 patients with a minimum of 12 months of follow-up, 
and included at least 2 of the following validated outcome 
measures: pain ( via  a numerical rating or visual analogue 
scale [VAS]), back-specifi c functional status (Oswestry Dis-
ability Index, or ODI), a global measure of generic health 
improvement (SF-36), or patient satisfaction. Fusion results 
were also compiled, although methods of determination of 
fusion varied across studies. Studies were reviewed for over-
lap of patients and were excluded if they included the same 
cohort of patients. Complication rates could not be system-
atically summarized because of inconsistencies in reporting. 
Reoperation rate was evaluated as a somewhat more reliable 
measure of negative health outcomes. 

cost containment have led to insurance company policies that 
limit coverage of fusion procedures. Although undisputedly 
there is room for more effi cient provision of health care spend-
ing, the concern is growing that insurers’ denials regarding spine 
fusion surgery are increasingly being based on nontransparent 
guidelines provided by consulting fi rms, without input from the 
physicians, their respective societies, or evidence-based literature. 

 Most published systematic reviews on the topic of fusion 
for chronic LBP have focused on randomized controlled trials 
(RCTs). Although RCTs represent the highest level of evidence 
available, they are not always feasible or practical to address 
surgical treatments.  17   ,   18   The current systematic review was per-
formed to analyze and compile the currently available pub-
lished literature on fusion for chronic back pain with under-
lying disc degeneration, updating the evidence with recent 
studies, and broadening the scope of prior reviews to include a 
range of study designs beyond RCTs, weighted for evaluation. 

  MATERIALS AND METHODS 

  Literature Search 
 Prospective and retrospective randomized and nonrandom-
ized studies of adults with a primary complaint of LBP 

  Figure 1.    Flow diagram of systematic review. DDD 
indicates degenerative disc disease; MCID, minimal 
clinically important difference.  

  

Articles identified by database 

search 

N = 997 

Relevant articles based on 

title/ abstract review 

N = 72 

Relevant articles based on full 

text review 

N = 32 

Additional articles included N = 4 

- Review of citations in found articles 

Articles excluded N = 923 

- Repetitive/preliminary to later-reported results 

- No outcomes reported (e.g., technique, opinion) 

- Specific to effect of demographic, diagnostic, 

treatment, or outcome factor 

- Different or combined diagnosis (not DDD) 

- Different treatment (not fusion) 

- Small cohort (< 20 patients) 

- Short follow-up (< 12 mo)  

Articles excluded N = 40 

- Different or combined diagnosis (not DDD) 

- Treatment at more than 2 levels 

- Inconsistent or nonvalidated outcomes  

- Duplicate cohorts across publications 

- Full text not available 

Articles excluded from review, but used as reference 

N = 10 

- Nonoriginal studies:  

ο Reviews, N = 7 

ο MCID reference articles, N = 3 

Original articles included in systematic review 

N = 26 

-  6 Level 1a:  prospective randomized, surgery vs. non-operative 

- 12 Level 1b:  prospective randomized, surgery vs. surgery 

- 2 Level 2:  prospective nonrandomized comparative, surgery vs. surgery  

- 2 Level 3:  retrospective comparative, surgery vs. surgery  

- 4 Level 4:  prospective and retrospective noncomparative, surgery only  

Relevant articles based on full 

text and citation review 

N = 36 
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 Figure 2.    Graphical representation of reported percentage change 
(from preoperative to last follow-up) in back pain visual analogue scale 
(VAS) and Oswestry Disability Index (ODI) among studies of surgery 
 versus  nonoperative treatment.  19   –   24   Solid horizontal lines represent 
weighted averages across combined cited studies; solid black, surgery; 
dashed gray, nonoperative. Nonop indicates nonoperative.  

technique ( e.g. , anterior  vs.  posterior) or another surgical 
procedure ( e.g. , lumbar arthroplasty). The studies collectively 
included patients with an age of 18 to 71 years presenting 
with intractable back pain greater than leg pain and image-
confi rmed disc degeneration by such factors as disc space col-
lapse, abnormal motion on fl exion/extension radiographs, 
Modic endplate changes, and/or vertebral osteophyte for-
mation. In 7 of the 12 studies, provocative discography was 
required in the diagnosis; others reported its use inconsistently.  

 Fusion techniques included 1- or 2-level instrumented and 
noninstrumented PLF, PLIF, transforaminal lumbar interbody 
fusion, ALIF, and combinations of these, as well as compari-
sons of open and less invasive approaches. Internal compari-
sons were made across techniques, approaches, and grafting 
materials. Minimum follow-up in each study was for 2 years, 
with isolated reports of longer-term outcomes.  31   

 As a whole, these 12 studies including 1420 fusion patients 
showed a weighted average improvement in back pain of 
36.5  ±  17.2/100 points (43.3% change; 95% CI, 31.5–55.1), 
in ODI function of 24.7  ±  6.2/100 (47.2% change; 95% 
CI, 41.3–53.1), and in SF-36 PCS of 12.7  ±  3.1/100 points 
(44.2% change, 95% CI, 37.1–51.4) ( Figure 3 ). The average 
satisfaction rate was 67.0% (95% CI, 61.1–73.0), the fusion 
rate was 89.3% (95% CI, 84.4–94.2), and reoperation rate 
was 15.3% (95% CI, 10.7–19.8), refl ective of Federal Drug 
Administration (FDA) Investigational Device Exemption 
(IDE) trial reporting of revisions, removals, supplemental fi x-
ation (index-level procedures, 9.7%), and reoperations (inclu-
sive of adjacent-level procedures, 5.6%).   26,28,31,32,35      

 The search, diagrammed in  Figure 1 , resulted in 26 origi-
nal studies, which were then categorized by study design and 
stratifi ed on the basis of level of evidence. Weighted averages 
of each outcomes measure were computed for the stratifi ed 
subgroups of studies; weighting was based on individual 
study sample size (at last follow-up). Standard deviations 
and 95% confi dence intervals were also computed for the 
weighted averages. The overall weighted averages across all 
studies were compared with established minimal clinically 
important difference (MCID) values.    

  RESULTS 

  Studies of Surgical  Versus  Nonsurgical Treatment 
 Six publications  19   –   24   ( Table 2 ) report on the results of prospec-
tive randomized studies of fusion surgery  versus  nonsurgical 
therapy in patients with moderately severe pain and disability 
lasting for at least 1 year who were unresponsive to standard 
nonsurgical therapy. Inclusion was generally based on presen-
tation of symptomatic chronic LBP and identifi cation of level-
specifi c degenerative changes on radiographical imaging. 
Patients were excluded if they had signs of neural compres-
sion, generalized disc degeneration shown on radiographs, or 
other specifi c radiological fi ndings such as stenosis, spondy-
lolisthesis, fracture, infection, or neoplasm. Discography was 
intermittently used, although as an inclusion criterion in only 
1 study.  24   Fusion techniques involved most commonly instru-
mented posterolateral fusion (PLF), but also noninstrumented 
PLF and lumbar interbody fusion  via  anterior (anterior lum-
bar interbody fusion [ALIF]) or posterior (posterior lumbar 
interbody fusion [PLIF]) approach,  23   and ALIF in addition to 
PLF.  24   Patients in the nonsurgical groups continued standard 
nonoperative care (mainly physical therapy)  23   or received 
structured rehabilitation including exercise programs and/or 
cognitive interventions.  19   –   22   ,   24    

 As a whole, these 6 studies including 547 fusion and 372 
nonsurgical patients showed a weighted average improvement 
in back pain of 22.8  ±  10.6/100 points (35.3% change; 95% 
CI, 23.0–47.6) in the surgical group, compared with 10.6  ±  
7.1/100 points (20% change; 95% CI, 9.2–30.8) in the non-
surgical group. Weighted average improvement in ODI was 
13.9  ±  8.7/100 (29% change; 95% CI, 18.7–39.4) in the 
surgical group and 8.2  ±  6.2/100 (17.5% change; 95% CI, 
8.5–26.6) in the nonsurgical group ( Figure 2 ). Only 1 study  22   
reported SF-36 Physical Component Scores (PCS), with a 
9.4/100 point improvement (48% change) in the surgical group 
and 7.6/100 point improvement (38% change) in the nonsur-
gical group. Weighted average satisfaction rates were 74.8% 
(95% CI, 72.2–77.4) in the surgical group and 55.6% (95% 
CI, 53.3–57.9) in the nonsurgical group. Fusion rate in the sur-
gical group was 84% (95% CI, 78.3–90.6). The average reop-
eration rate in the surgical group was 7% (95% CI, 5.7–8.3).   

  Studies of Surgery-Only Cohorts: Prospective 
Randomized Trials 
 Twelve publications  25   –   36   ( Table 3 ) report on the results of 
prospective randomized studies of fusion surgery comparing 
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11.8/100 points (32.3% change; 95% CI, 10.1–54.6), and 
in SF-36 PCS was 10.0  ±  2.8/100 points (41.9% change; 
95%CI, not evaluable) ( Figure 4 ). Patient satisfaction was 
not reported in these 2 studies. Fusion rate was 95.1% and 
reoperation rate was 2.5% in the single study reporting 
these results.  

  Studies of Surgery-Only Cohorts: Prospective 
Noncomparative Trials 
 Two publications  41   ,   42   ( Table 4 ) report on the results of 
prospective single-cohort trials, that is, with no compara-
tor. Fusion techniques included PLIF,  41   and ALIF.  42   Col-
lectively, these 2 studies included results of 167 patients, 
aged 17 to 77 years, with minimum 1-year  41   and 2-year  42   
follow-up. 

 The weighted average improvement in back pain (VAS) 
was 34.0/100 points (49.0% change; 95% CI, 26.4–71.5), 
in ODI was 19.0/100 points (49.1% change; 95% CI, 
28.9–69.4), and in SF-36 PCS was 9.0/100 points (32% 
change; 95% CI not applicable, with only 1 article report-
ing) ( Figure 4 ). Patient satisfaction averaged 77.9% (95% 
CI, 61.2–94.5). Fusion rate was 86.5% (95% CI, 61.1–100), 
and reoperation rate was 7.8% (95% CI, 0–21.4), mainly 
supplemental posterior fi xation of stand-alone ALIF cages to 
promote fusion healing.  42    

  Studies of Surgery-Only Cohorts: Retrospective 
Noncomparative Trials 
 Two publications  43   ,   44   report on the results of retrospective 
noncomparative single-cohort studies. Fusion techniques 
included 1- or 2-level instrumented PLF and minimally 

  Studies of Surgery-Only Cohorts: Prospective 
Nonrandomized Comparative Trials 
 Two publications  37   ,   38   ( Table 4 ) report on the results of pro-
spective trials with comparative cohorts, but which were not 
randomized. Both compare the results of open  versus  less 
invasive techniques and collectively included 381 patients, 
aged 24 to 74 years, undergoing 1- or 2-level lumbar fusion, 
with a minimum 2-year follow-up.  

 The weighted average improvement in back pain (VAS) was 
48.0  ±  9.3/100 points (70.2% change; 95% CI, 59.2–81.2), 
in ODI was 26.9  ±  3.8/100 points (57.5% change; 95% CI, 
49.9–65.1), and in SF-36 PCS was 17.2  ±  2.7/100 points 
(58.1% change; 95% CI, 46.1–70.2) ( Figure 4 ). Patient satis-
faction was not reported in these 2 studies. Weighted average 
fusion rate was 90.4% (95% CI, 86.2–94.5), and reoperation 
rate was not reported.   

  Studies of Surgery-Only Cohorts: Retrospective 
Comparative Trials 
 Two publications  39   ,   40   ( Table 4 ) report on the results of retro-
spective studies with comparative cohorts. Fusion techniques 
included instrumented PLF, PLIF, transforaminal lumbar 
interbody fusion, ALIF, and circumferential 360° fusion. One 
study compared the results after fusion surgery at 1 to 2 lev-
els  versus  3 or more levels  40   but only the results of the 1 to 2 
level cohort was included in the current review. Collectively, 
these 2 studies included 302 patients with a mean age of 
46.8 years, undergoing 1- or 2-level lumbar fusion, with mini-
mum 24 months of follow-up. 

 Back pain scores were not reported in these 2 studies. 
The weighted average improvement in ODI was 16.5  ±  

 Figure 3.    Graphical representation of reported percentage change (from preoperative to last follow-up) in back pain visual analogue scale (VAS), 
Oswestry Disability Index (ODI), and Short Form (36) Health Survey physical component score among randomized studies of surgery only (com-
parisons of procedures). ALIF indicates anterior lumbar interbody fusion; CF, carbon Þ ber; CTF, cylindrical threaded fusion; ICBG, iliac crest bone 
graft; BMP, bone morphogenic protein; FRA, femoral ring allograft; AGF, autologous growth factors; PLF, posterolateral fusion; PLIF, posterior 
lumbar interbody fusion; MIS, minimally invasive surgery.   25   –   36    

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

2014 Technology Topic Selection 64 of 77



LITERATURE REVIEW Fusion for CLBP • Phillips et al

Spine www.spinejournal.com E417

 TA
B

LE
 4

.  
  Su

m
m

ar
y 

o
f 

N
o
n
ra

n
d
o
m

iz
ed

 S
u
rg

er
y-

O
n
ly

 T
ri

al
s  

A
rt

ic
le

C
o
h
o
rt

s
N

Lv
ls

Fo
ll
o
w

-u
p
 

(m
o
)

M
ea

n
 

A
ge

 
(y

r)
D

is
co

gr
am

 
R

eq
u
ir

ed

B
as

el
in

e 
B

ac
k 

Pa
in

 
(/

1
0
0
†
)

C
h
an

ge
 i
n
 

B
ac

k 
Pa

in
 

(a
b
s 

[%
])

B
as

el
in

e 
O

D
I 

(/
1
0
0
)

C
h
an

ge
 

in
 O

D
I 

(a
b
s 

[%
])

B
as

el
in

e 
SF

-3
6
 P

C
S 

(/
1
0
0
)

C
h
an

ge
 i
n

 
SF

-3
6
 P

C
S 

(a
b
s 

[%
])

Sa
ti

sf
/

R
ed

o
 

ra
te

 (
%

)

Fu
si

o
n

 
R

at
e 

(%
)

R
eo

p
 

R
at

e 
(%

)

K
as

is
  e

t 
al

   3
7
  

O
p
en

 P
LI

F
1
1
4

1
–2

2
4

4
8
.9

N
6
4

3
7
 (
5
8
)

4
6
.4

2
2
.5

 (
4
8
)

2
9
.3

1
4
.7

 (
5
0
)

N
R

9
1

N
R

M
IS

 P
LI

F
2
0
9

4
5
.6

7
2

5
3
 (
7
4
)

4
7
.1

2
8
.6

 (
6
1
)

2
9
.6

1
8
.5

 (
6
3
)

N
R

9
2

N
R

Pe
n
g 

 et
 a

l   3
8
  

O
p
en

 T
LI

F
2
9

1
–2

2
4

5
2
.5

N
6
5

5
3
 (
8
2
)

4
7
.7

3
0
.2

 (
6
3
)

N
R

N
R

 (
N

R
)

N
R

8
6
.7

N
R

M
IS

 T
LI

F
2
9

5
4
.1

6
0

5
0
 (
8
3
)

4
5
.2

2
9
.0

 (
6
4
)

N
R

N
R

 (
N

R
)

N
R

8
0
.0

N
R

To
ta

l 
o
f 
p
ro

sp
ec

ti
ve

 n
o
n
ra

n
-

d
o
m

iz
ed

 s
tu

d
ie

s 
(l
ev

el
 2

)
3
8
1

A
ve

ra
ge

5
0
.3

W
ei

gh
te

d
 

av
er

ag
e‡

6
8
.2

4
8
.0

 (
7
0
.2

)
4
6
.8

2
6
.9

 
(5

7
.5

)
2
9
.5

1
7
.2

 (
5
8
.1

)
N

R
9
0
.4

N
R

SD
3
.8

W
-S

D
‡

9
.3

 (
1
1
.2

)
3
.8

 (
7
.8

)
2
.7

 (
8
.7

)
N

A
4
.2

N
A

Le
tt
ic

e 
 et

 a
l   4

0
  

P
LI

F 
an

d
 3

6
0
 

(1
–2

 l
ev

el
s)

8
1

1
–2

2
4

4
1
.0

Y
N

R
N

R
 (
N

R
)

N
R

N
R

 (
N

R
)

2
6
.5

1
1
.1

 (
4
2
)

N
R

9
5

2
.5

G
la

ss
m

an
 

 et
 a

l   3
9
  

O
ve

ra
ll
 (
m

u
l-

ti
te

ch
n
iq

u
es

)
2
2
1

1
–2

2
4

5
1
.2

N

N
R

N
R

 (
N

R
)

N
R

2
2
.1

 (
N

R
)

N
R

9
.5

 (
N

R
)

N
R

N
R

N
R

A
LI

F
4
6

4
2

N
R

N
R

 (
N

R
)

4
7
.8

2
7
.0

 (
5
6
)

N
R

1
3
.8

 (
N

R
)

N
R

N
R

N
R

P
LF

5
5

5
2

N
R

N
R

 (
N

R
)

5
5
.9

2
5
.1

 (
4
5
)

N
R

1
1
.2

 (
N

R
)

N
R

N
R

N
R

P
LI

F/
T
LI

F
8
3

5
5

N
R

N
R

 (
N

R
)

4
6
.1

4
.0

 (
9
)

N
R

7
.7

 (
N

R
)

N
R

N
R

N
R

3
6
0

3
7

4
4

N
R

N
R

 (
N

R
)

5
1
.4

1
8
.9

 (
3
7
)

N
R

6
.3

 (
N

R
)

N
R

N
R

N
R

To
ta

l 
o
f 
re

tr
o
sp

ec
ti
ve

 c
o
m

-
p
ar

at
iv

e 
st

u
d
ie

s 
(l
ev

el
 3

)
3
0
2

A
ve

ra
ge

4
6
.8

W
ei

gh
te

d
 

av
er

ag
e‡

N
R

N
R

 (
N

R
)

4
9
.8

1
6
.5

 
(3

2
.3

)
2
6
.5

1
0
.0

 (
4
1
.9

)
N

R
9
5
.1

2
.5

SD
6
.3

W
-S

D
‡

N
A

N
A

 (
N

A
)

1
1
.8

 
(2

2
.7

)
2
.8

 (
N

A
)

N
A

N
A

N
A

Fo
lm

an
 

 et
 a

l   4
1
  

P
LI

F
8
7

N
R

1
2

4
5

N
N

R
N

R
 (
6
0
)

3
1
.0

1
8
.3

 (
5
9
)

N
R

N
R

 (
N

R
)

8
6

9
8
.9

1
.1

Li
  e

t 
al

   4
2
  

A
LI

F 
w

it
h
 I
/F

 
ca

ge
 (
IC

B
G

)
8
0

1
2
4

4
1
.7

N
9
2

3
4
 (
3
7
)

5
1
.3

1
9
.7

 (
3
8
)

2
8
.4

9
.0

 (
3
2
)

6
9

7
3

1
5
.0

To
ta

l 
o
f 
p
ro

sp
ec

ti
ve

 
n
o
n
co

m
p
ar

at
iv

e 
st

u
d
ie

s 
(l
ev

el
 4

a)
1
6
7

A
ve

ra
ge

4
3
.4

W
ei

gh
te

d
 

av
er

ag
e‡

9
2
.0

3
4
.0

 (
4
9
.0

)
4
0
.7

1
9
.0

 
(4

9
.1

)
2
8
.4

9
.0

 (
3
2
)

7
7
.9

8
6
.5

8
.1

SD
2
.3

W
-S

D
‡

N
A

 (
N

A
)

1
.0

 (
1
4
.6

)
N

A
 (
N

A
)

1
2
.0

1
8
.3

9
.8

Sc
h
w

en
d
er

 
 et

 a
l   4

4
  

M
IS

 T
LI

F
4
9

1
1
8

N
R

N
7
2

5
1
 (
7
1
)

4
6

3
2
 (
7
0
)

N
R

N
R

 (
N

R
)

N
R

1
0
0

8
.2

D
im

ar
 

 et
 a

l   4
3
  

In
st

r 
P
LF

 
(I
C

B
G

)
1
9
4

1
–2

2
4

5
2
.3

N
7
9

4
0
 (
5
1
)

5
1
.6

2
5
.2

 (
4
9
)

2
7
.4

1
2
.3

 (
4
5
)

N
R

8
9
.3

1
3
.9

To
ta

l 
o
f 
re

tr
o
sp

ec
ti
ve

 
n
o
n
co

m
p
ar

at
iv

e 
st

u
d
ie

s 
(l
ev

el
 4

b
)

2
4
3

A
ve

ra
ge

5
2
.3

W
ei

gh
te

d
 

av
er

ag
e‡

7
7
.6

4
2
.2

 (
5
4
.7

)
5
0
.5

2
6
.6

 
(5

3
.0

)
2
7
.4

1
2
.3

 (
4
4
.9

)
N

R
9
1
.5

1
2
.7

SD
N

A
W

-S
D

‡
7
.8

 (
1
4
.3

)
4
.8

 (
1
4
.7

)
N

A
 (
N

A
)

N
A

7
.6

4
.1

( C
o
n
ti
n
u
ed

 )

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

2014 Technology Topic Selection 65 of 77



LITERATURE REVIEW Fusion for CLBP • Phillips et al

E418 www.spinejournal.com April 2013

 TA
B

LE
 4

.  
  ( C

o
n
ti
n
u
e
d
 )  

A
rt

ic
le

C
o
h
o
rt

s
N

Lv
ls

Fo
ll
o
w

-u
p

 
(m

o
)

M
ea

n
 

A
ge

 
(y

r)
D

is
co

gr
am

 
R

eq
u
ir

ed

B
as

el
in

e 
B

ac
k 

Pa
in

 
(/

1
0
0
†
)

C
h
an

ge
 i
n
 

B
ac

k 
Pa

in
 

(a
b
s 

[%
])

B
as

el
in

e 
O

D
I 

(/
1
0
0
)

C
h
an

ge
 

in
 O

D
I 

(a
b
s 

[%
])

B
as

el
in

e 
SF

-3
6
 P

C
S 

(/
1
0
0
)

C
h
an

ge
 i
n

 
SF

-3
6
 P

C
S 

(a
b
s 

[%
])

Sa
ti

sf
/

R
ed

o
 

ra
te

 (
%

)

Fu
si

o
n

 
R

at
e 

(%
)

R
eo

p
 

R
at

e 
(%

)

To
ta

l 
ac

ro
ss

 a
ll
 l
ev

el
s 

o
f 

ev
id

en
ce

3
0
6
0

A
ve

ra
ge

4
6
.3

W
ei

gh
te

d
 

av
er

ag
e‡

7
1
.9

3
6
.8

 (
5
0
.4

)
4
9
.5

2
2
.2

 (4
4
.5

)
2
6
.9

1
2
.5

 (
4
6
.5

)
7
1
.1

8
9
.1

1
2
.5

SD
4
.2

W
-S

D
‡

1
4
.7

 (
1
6
.1

)
1
4
.1

 (
2
6
.0

)
4
.3

 (
1
2
.0

)
5
.2

1
3
.5

1
2
.4

 Fr
o
m

 t
o

p
 t

o
 b

o
tt

o
m

: 
p

ro
sp

ec
ti
ve

 n
o
n
ra

n
d

o
m

iz
ed

 c
o
m

p
ar

at
iv

e 
st

u
d

ie
s 

(l
ev

el
 2

),
 r

et
ro

sp
ec

ti
ve

 c
o

m
p

ar
at

iv
e 

st
u

d
ie

s 
(l

ev
el

 3
),

 p
ro

sp
ec

ti
ve

 n
o

n
co

m
p

ar
at

iv
e 

st
u
d

ie
s 

(l
ev

el
 4

a)
, 
re

tr
o
sp

ec
ti
ve

 n
o
n
co

m
p

ar
at

iv
e 

st
u
d

ie
s 

(l
ev

el
 4

b
),

 a
n
d

 o
ve

ra
ll 

w
ei

gh
te

d
 a

ve
ra

ge
s 

ac
ro

ss
 a

ll 
le

ve
ls

 o
f 

ev
id

en
ce

 i
n

cl
u

si
ve

 o
f 
d

at
a 

in
 T

ab
le

s 
2

 t
o

 4
. 

 *T
h
e 

n
u
m

b
er

 o
f 

p
at

ie
n
ts

 i
s 

re
ß 
ec

ti
ve

 o
f 

co
h
o
rt

s 
re

p
o
rt

ed
 a

t 
la

st
 f

o
llo

w
-u

p
, 
n

o
t 

en
ro

llm
en

t.
 

 †
V

A
S 

sc
o
re

s 
w

er
e 

co
n
ve

rt
ed

 t
o
 a

 1
0
0
-p

o
in

t 
sc

o
re

 w
h
er

e 
n
ec

es
sa

ry
, 
fo

r 
co

n
si

st
en

t 
in

te
rp

re
ta

ti
o

n
. 

 ‡
W

h
er

e 
ap

p
ro

p
ri

at
e,

 o
u
tc

o
m

es
 m

ea
su

re
s 

w
er

e 
av

er
ag

ed
 w

ei
gh

te
d

 b
y 

in
d

iv
id

u
al

 s
tu

d
y 

si
ze

. 
W

ei
gh

te
d

 s
ta

n
d

ar
d

 d
ev

ia
ti
o

n
s 

(W
-S

D
) 

ac
ro

ss
 g

ro
u

p
s 

o
f 

st
u
d

ie
s 

ar
e 

al
so

 p
re

se
n
te

d
 f

o
r 

ch
an

ge
 i
n
 o

u
tc

o
m

e 
m

ea
su

re
s 

o
ve

r 
ti
m

e.
 

 N
 i
n

d
ic

at
es

 n
u
m

b
er

 o
f 

p
at

ie
n
ts

; 
FU

, 
fo

llo
w

-u
p

; 
O

D
I,

 O
sw

es
tr

y 
D

is
ab

ili
ty

 I
n

d
ex

; 
P

C
S,

 p
h
ys

ic
al

 c
o

m
p

o
n

en
t 

sc
o

re
; 

P
LI

F,
 p

o
st

er
io

r 
lu

m
b

ar
 i
n

te
rb

o
d
y 

fu
si

o
n
; 

M
IS

, 
m

in
im

al
ly

 i
n
va

si
ve

 s
u
rg

er
y;

 P
LF

, 
p

o
st

er
o
la

te
ra

l 
fu

si
o
n
; 

IC
B

G
, 
ili

ac
 c

re
st

 b
o

n
e 

gr
af

t;
 T

LI
F,

 t
ra

n
sf

o
ra

m
in

al
 l
u
m

b
ar

 i
n
te

rb
o

d
y 

fu
si

o
n

; 
A

LI
F,

 a
n

te
ri

o
r 

lu
m

b
ar

 i
n

te
rb

o
d
y 

fu
si

o
n

; 
B

M
P,

 b
o

n
e 

m
o

rp
h

o
ge

n
ic

 p
ro

te
in

; 
I/

F,
 i
n
te

rb
o
d
y 

fu
si

o
n
; 

N
R

, 
n
o
t 

re
p

o
rt

ed
; 

N
A

, 
n
o
t 

ap
p

lic
ab

le
; 

SD
, 
st

an
d

ar
d

 d
ev

ia
ti
o
n
; 

W
-S

D
, 
w

ei
gh

te
d

 s
ta

n
d

ar
d

 d
ev

ia
ti
o

n
 (

w
ei

gh
te

d
 b

y 
st

u
d
y 

si
ze

);
 S

F-
3

6
, 
Sh

o
rt

 F
o

rm
 (

3
6

) 
H

ea
lt
h

 S
u

rv
ey

; 
Lv

ls
, 
le

ve
ls

; 
m

o
, 
m

o
n
th

s;
 y

r,
 y

ea
rs

; 
ab

s,
 a

b
so

lu
te

; 
M

in
, 
m

in
im

u
m

; 
M

ax
, 

m
ax

im
u
m

; 
ab

s,
 a

b
so

lu
te

 v
al

u
e;

 S
at

is
f,

 s
at

is
fa

ct
io

n
; 

R
eo

p
, 
re

o
p

er
at

io
n

 (
in

cl
u

d
es

 n
o

n
in

d
ex

 l
ev

el
 p

ro
ce

d
u

re
s)

; 
La

p
, 
la

p
ar

o
sc

o
p

ic
; 

In
st

, 
in

st
ru

m
en

te
d

. 

invasive transforaminal lumbar interbody fusion, with results 
of 243 patients aged 18 to 86 years. 

 The weighted average improvement in back pain was 
42.2  ±  7.8/100 points (54.7% change; 95% CI, 34.9–74.5), 
and in ODI was 26.6  ±  4.8/100 points (53.0% change; 
95% CI, 32.7–73.3), and in SF-36 PCS was 12.3/100 points 
(44.9% change) in a single study  43   ( Figure 4 ). Patient satis-
faction was not reported in these 2 studies. Fusion rate was 
91.5% (95% CI, 81.0–100), and reoperation rate was 12.7% 
(95% CI, 7.1–18.4), inclusive of removal of symptomatic and 
asymptomatic instrumentation and supplemental fi xation of 
nonunions of posterior fusions.  43    

  Minimum Clinically Important Difference 
 Three publications  45   –   47   sought to defi ne the minimum amount 
of change in patient-reported outcomes scores that is clini-
cally relevant, or MCID. For back pain scores, the MCID was 
defi ned as low as 12  46   and as high as 30  45   on a VAS scale 
of 100. For ODI, the suggested MCID has been reported 
between 12.8  46   and 22  45   points (on a 100-point scale). For 
SF-36 PCS scores, MCID has been suggested as an improve-
ment of 4.9  46   to 6.2  45   points (on a 100-point scale). 

 The weighted averages from the combined 3060 lum-
bar fusion patients across the 26 studies evaluated met or 
exceeded MCID on all patient-reported variables. Back pain 
(VAS) improved by 36.8  ±  14.7/100 points (50.4% change; 
95% CI, 43.6–57.1), ODI improved by 22.2  ±  14.1/100 
points (44.5% change; 95% CI, 35.8–53.3), SF-36 PCS 
improved by 12.5  ±  4.3/100 points (46.5% change; 95% CI, 
40.8–52.2). Additionally, patient satisfaction averaged 71.1% 
(95% CI, 68.6–73.7). Fusion rates averaged 89.1% (95% CI, 
84.4–93.8). Overall reoperation rates averaged 12.5% (95% 
CI, 7.8–17.2), 9.2% of these at the index level, including sup-
plemental fi xation of stand-alone procedures and late elective 
hardware removal. 

 Analysis of variance showed that the average results of the 
collective studies do not differ statistically in any of the out-
come measures based on the level of evidence of the study 
( P  . 0.05). However, there was a statistical difference in the 
reoperation rates among procedure types, the highest being 
in stand-alone ALIF (19%), compared with posterior fusion 
without interbody support (10%), and the lowest being cir-
cumferential fusion (5%) ( P  5 0.0082). There were no sta-
tistical differences due to procedure with respect to patient-
reported outcomes measures, satisfaction, or fusion rates.   

  DISCUSSION 
 Despite the publication of several systematic reviews on 
fusion surgery for DDD or chronic LBP,  48   –   54   recommenda-
tions have been inconclusive. These reviews have generally 
relied on a limited number of prospective, randomized trials 
comparing fusion and nonsurgical treatments.  50   ,   52   In reality 
the comparison between fusion and nonsurgical treatment 
of LBP is artifi cial because in clinical practice, nonsurgi-
cal care and surgery are not competitive treatments. They 
are treatments usually performed in series rather than in 
parallel. Surgery is typically performed only after failure of 
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nonoperative treatment, limiting the value of comparisons 
between these treatments. 

 Review of the published level 1 studies is instructive in 
terms of highlighting the diffi culties in relying exclusively on 
these for decision making. Fritzell  et al   23   suggested greater 
improvement in back-specifi c disability after fusion compared 
with nonoperative care for LBP. On the other hand, 2 Nor-
wegian studies by Brox  et al   19   ,   20   suggested no substantial dif-
ference in disability when fusion was compared with inten-
sive cognitive intervention and exercise rehabilitation. Mirza 
 et al   52   noted that these Norwegian studies were underpow-
ered to identify clinically important differences. In addition, 
these studies had only 1 year of follow-up and also included 
postdiscectomy patients, and the conclusions may or may not 
apply to patients with LBP who have not had prior surgery. 
A British study  22   of LBP treatment found that the pooled 
mean difference in ODI between the surgical and nonsurgical 
groups was in favor of surgery, but cautioned about the risk 
of complications with surgery. 

 Furthermore, exclusive reliance on only level 1 studies is 
confounding because blinded clinical trials of fusion surgery 
are inherently diffi cult to conduct because the patient and 
clinical investigator readily appreciate the intervention. The 
signifi cant crossover in the Spine Patient Outcomes Research 
Trial exemplifi es the diffi culty of conducting an appropri-
ate randomized surgical  versus  nonsurgical trial.  55   –   58   As a 
signifi cantly powered multicenter NIH-funded study, the 
authors have been applauded for the effort, although the 
results of the study have been challenged because of cross-
over rates from nonsurgical to surgical treatments, study 
design (the sequence and quality of nonoperative and opera-
tive care allocation),  59   and interpretation (intent-to-treat  vs.  
as-treated analysis).  60   ,   61   Because of the challenges in study 

design and execution, most surgical studies of LBP use the 
patients as their own control. 

 To better understand the scope of outcomes data avail-
able for clinical decision making, a broader appreciation 
of evidence-based medicine would include the collective 
body of research performed, understanding the limita-
tions as study methodologies decrease in scientifi c rigor. 
Pioneer of evidence-based medicine David Sackett  62   wrote, 
“the practice of evidence-based medicine means integrating 
individual clinical expertise with the best available exter-
nal clinical evidence from systematic research… Evidence-
based medicine is not restricted to randomized trials and 
meta-analyses. It involves tracking down the best external 
evidence with which to answer our clinical questions.” RCT 
design, through randomization, seeks to control and equili-
brate unknown prognostic factors. However, generalization 
of RCT results to broader patient populations is diffi cult due 
to inclusionary restrictions and protocol parameters, which 
often do not refl ect real-world medical practice.  17   ,   18   Thus, 
observational study design has been repeatedly described 
as complementary to RCTs in its ability to aid RCT results 
in making population conclusions by examining a broader, 
more inclusionary sample under normal practice condi-
tions, especially when modeled to account for the inherent 
potential for bias.  17   ,   18   ,   63   –   67   

 Hartz  et al   65   evaluated this issue and concluded that obser-
vational spinal fusion studies do complement spinal fusion 
RCTs and should be considered in decision making. This fi nd-
ing is consistent with the current review, where no statistical 
difference was found in any of the outcome measures between 
RCTs and observational studies based on the level of evidence 
( P  . 0.05). This lends validity to the scope of the collective 
results and further support that the average improvements in 

 Figure 4.    Graphical representation of reported percentage change (from preoperative to last follow-up) in back pain visual analogue scale (VAS), 
Oswestry Disability Index (ODI), and Short Form (36) Health Survey physical component score among nonrandomized studies of surgery only.  37   –   44   
Solid horizontal lines represent weighted averages across all cited studies. ICBG indicates iliac crest bone graft; PLF, posterolateral fusion; TLIF, 
transforaminal lumbar interbody fusion; MIS, minimally invasive surgery.  
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pain and function after fusion surgery for chronic LBP are 
reproducible across study designs. 

 The improvements in pain and function after surgery 
seem to be sustained during the long term. Burkus  et al ,  68   
for example, published the 6-year results of the same patient 
cohort that was included in this systematic review with 2-year 
outcomes,  28   with equivalent or better outcomes compared 
with the 2-year results.  68   Furthermore, the clinical benefi t of 
surgery does not seem to be dependent on the type of fusion 
procedure. In addition to the analysis of variance reported 
across the studies in the current review, an additional pub-
lication by Fritzell  et al   69   on the cohort of patients included 
in their prospective, randomized trial,  23   found no signifi cant 
differences between outcomes and the fusion techniques used 
(PLFs and interbody fusions). The current systematic review 
did however note that the lowest rate of reoperation was 
achieved with circumferential fusion (posterior instrumenta-
tion with interbody support). Stratifying the cohort reported 
by Dimar  43   by those older than or younger than 65 years, 
Glassman  et al   70   reported that the benefi ts of lumbar fusion 
were similar or better in an older patient population, and con-
cluded that treatment need not be withheld based on age. 

 One of the limitations of this or any literature review is the 
inconsistency of reporting methods and results of the stud-
ies reviewed. Consistent diagnostic criteria to determine the 
homogeneity of the patient populations within the reviewed 
studies was diffi cult to retrieve. However, studies included in 
this review specifi cally focused on chronic LBP as the primary 
complaint. All surgical patients had symptoms recalcitrant to 
nonoperative management, with documented radiographical 
confi rmation of level-specifi c degeneration, without radio-
graphical fi ndings or clinical signs of neural compression, sig-
nifi cant stenosis, deformity, fracture, infection, or neoplasm. 
Another variable among studies was the timing of surgery, 
although most studies required patients to have failed a mini-
mum of some form of nonoperative therapy. Further stud-
ies are required to understand the optimal timing of surgery 
for these conditions and early identifi cation of risk factors for 
persistence of pain in nonsurgically treated patients. 

 In terms of outcomes, validated patient-reported clinical 
outcomes measures were assessed. A limitation of the cur-
rent review is that VAS pain scores were variably reported 
in the individual studies (some reported on a scale of 0–100 
and others 0–10 or 0–20); however, all scores were converted 
to a 0 to 100 score to allow for comparisons across studies. 
Complication reporting was also challenging as individual 
studies defi ned complications differently, and reported vary-
ing degrees of adverse events. The more structured US FDA 
IDE studies included several complications, enumerating the 
incidences of each, but did not consistently report the percent-
age of patients in whom a complication occurred. Instead, 
reoperation rate was used as a more consistent measure of 
negative outcomes. However, categorization of secondary sur-
geries also varied by study, and included elective removal of 
instrumentation, planned secondary surgery for supplemental 
hardware, as well as adjacent level surgeries that might not 
be considered complications of the index surgery, but should 

nevertheless be discussed with patients to advise that addi-
tional surgery (not necessarily revision surgery) may be neces-
sary in up to 12% of cases. 

 Finally, MCID was used here as a reference point to 
compare average improvements within and across studies 
with reported thresholds for clinical signifi cance. MCID is 
designed to report a percentage of individual patients who 
meet an improvement threshold. These data per patient were 
unavailable in the published studies, but MCID was instead 
used less formally to demonstrate a relative context for clini-
cal improvements. 

 This systematic review analyzed currently published litera-
ture to evaluate the effi cacy of fusion for chronic LBP with 
lumbar disc degeneration that was refractory to nonsurgical 
care. Improvement in pain and function were documented 
with the degree of clinical improvement comparable with 
that seen in other common, well-accepted orthopedic proce-
dures such as total knee replacement, hip revision, and spinal 
decompression surgery for spinal stenosis.  71   There is consis-
tent evidence from these randomized and nonrandomized 
clinical studies that lumbar spine fusion decreases pain and 
disability in patients with chronic LBP related to degeneration 
of the motion segment.   
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Scientific Resource Center, Oregon EPC 
Mail code: BICC 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97239-3098 
 
 RE: Key Questions -- Spinal Fusion for Painful Lumbar Degenerative Disc or Joint Disease 
 
To whom it concerns: 
 
On behalf of the American Association of Neurological Surgeons (AANS) and the Congress of 
Neurological Surgeons (CNS), we would like to thank the Agency for Healthcare Research and Quality 
(AHRQ) for the opportunity to comment on the Key Questions regarding proposed research on the topic 
of “Spinal Fusion for Painful Lumbar Degenerative Disc or Joint Disease”.  We appreciate the efforts 
of AHRQ’s Effective Health Care Program, and the research summaries regarding the benefits and risks 
of different treatment options for health conditions based on comparative effectiveness reviews.  We also 
understand that these research summaries are not clinical recommendations or guidelines, but are 
nevertheless frequently utilized as such with respect to healthcare policy development. 
 
For the formulation of each of these Key Questions, AHRQ has requested a description of the included 
studies including patient indications, methods of diagnosis, inclusion and exclusion criteria, treatments, 
and surgical techniques and devices used.  The AANS and CNS, along with other medical societies, 
have developed clinical guidelines on this topic and do not feel that another systematic review of these 
questions will yield useful information where our previous efforts have concluded that there is a paucity of 
sufficient data and that the quality of the studies is limited.  However, as evidenced by the similar 
limitations in other medical and surgical topics, this does not diminish the benefit of this surgical 
treatment to our patients.  Questions posed for the “Comment on Key Questions” may not be clinically 
relevant, which may be the genesis for the state of our current medical literature, and why future studies 
based on these Key Questions may not lead to improvements in patient care. 
 
With these preliminary comments in mind, we will now turn our attention to commenting on the specific 
questions posed by AHRQ: 
 
1. For adults with low back pain attributed to degenerative disc disease of the lumbar spine, 

does spinal fusion differ from nonoperative treatment in the ability to improve:  
a. Patient-centered outcomes such as function, quality of life, or pain? 
b. Adverse events? 

AHRQ has proposed performing a systematic review of the comparative effectiveness and safety of 
lumbar fusion versus nonsurgical treatment for low back pain attributed to degenerative disc disease.  
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Currently, the primary treatment for most individuals with low back pain related to lumbar degenerative 
disease is non-operative therapy.  As written, the question reflects a misunderstanding of the issue in 
that the population of patients treated with surgery is selected from those who have already failed 
extensive non-operative management.  Viewing surgical and nonsurgical therapies as competing is 
inappropriate in this patient population as they are complementary, and surgery is typically not performed 
unless non-operative modalities have already failed.  In this patient population, non-operative treatments 
have already been demonstrated to not improve outcomes.   
 
In patients with chronic disabling pain refractory to conservative measures, lumbar fusion surgery is a 
potential therapeutic option.  In this difficult patient population, prospective studies demonstrate a 36.0 - 
63.9 percent reduction in back disability as measured by the Oswestry Disability Index (ODI) at 2 years 
after lumbar fusion (1, 2, 3, 4).  Back pain scores also decrease 31.9 - 54.6 percent over the same 
duration (2, 3, 4).  Further, lumbar fusion is associated with a 130.9 – 140.6 percent improvement in 
overall health as measured by the physical health component of the Medical Outcomes Study 36-item 
Short Form Health Survey (SF-36) (1). 
 
To date, there are four multicenter randomized controlled trials comparing lumbar fusion surgery versus 
nonoperative treatment for low back pain attributed to degenerative disc disease.  All four studies 
employed standardized patient-centered outcome measures to assess function and pain.  The Swedish 
Lumbar Spine Study Group randomized patients who failed conservative therapy for ≥ 2 years to lumbar 
fusion surgery versus nonoperative therapy (ranging from physical therapy, education, transcutaneous 
electrical nerve stimulation, epidural steroid injections, cognitive and functional training, and/ or coping 
strategies) (5).  Patients were evaluated for 2 years post treatment.  The surgical group demonstrated a 
33 percent reduction in back pain score and a 25 percent decrease in ODI.  Sixty-three percent of 
surgical patients rated themselves as “much better” postoperatively, and 36 percent had returned to 
work.  Comparatively, the nonsurgical group demonstrated only a 7 percent reduction in back pain score 
and a 6 percent decrease in ODI.  Only 29 percent of nonsurgical patients rated themselves as “much 
better” after treatment, and only 13 percent had returned to work.   
 
Brox et al randomized a much smaller group of patients with low back pain who had failed 1 year of 
conservative therapy to lumbar fusion versus a nonsurgical treatment protocol consisting of a lengthy 
inpatient program of physical therapy, cognitive intervention, education and peer counseling which is not 
available in North America (6).  Patients were evaluated for 1 year post treatment.  The surgical group 
demonstrated a 36.6 percent reduction in back pain score and a 37.1 percent decrease in ODI.  
Conversely, the nonoperative group demonstrated only a 24.0 percent reduction in back pain score and 
a 30.9 percent decrease in ODI.  Overall, 71 percent of surgical patients rated their treatment as 
successful compared to 63 percent of nonoperative patients.  In a similar study, Brox et al randomized 
patients with low back pain after prior disc herniation surgery to either of the same treatment arms (7).  
More modest improvements were observed overall with the lumbar fusion group demonstrating a 21.5 
percent reduction in back pain score and an 18.9 percent decrease in ODI.  The nonsurgical group 
demonstrated a 23.5 percent reduction in back pain and a 28.4% decrease in ODI. 
 
Fairbank et al randomized patients with degenerative disc disease related low back pain to lumbar fusion 
surgery versus nonoperative therapy consisting of an intensive inpatient rehabilitation program of 
cognitive behavioral therapy and exercise (8).  Patients were evaluated for 2 years post treatment.  The 
study was plagued by a high rate of crossover and significant patient loss to follow-up which heavily 
biased the study against surgical intervention given the intent to treat study design.  Another significant 
methodological flaw related to the surgical group.  Many patients were treated without fusion, making any 
statements regarding the efficacy of fusion based on the data from this study highly suspect. Despite the 
inherent biases against surgical intervention, the surgical group demonstrated a 26.9 percent decrease in 
ODI compared to only a 19.4 percent decrease observed in the nonoperative group.  Overall general 
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health was assessed via the physical component of the SF-36, with the surgical group demonstrating a 
148.5 percent improvement compared to only a 138.0 percent increase seen in the nonoperative group. 
A recent paper reported the 6-year follow-up of an FDA Phase IV study, combining patients from sites of 
two previous FDA trials on anterior lumbar interbody fusion for patients with DDD unresponsive to 
conservative care. This study reported a substantial improvement in patient daily functioning, with 
improvements in back pain, leg pain, Oswestry disability index (ODI), and Short-form 36 (SF-36) 
measures (25). 
 
Lumbar fusion surgery for low back pain however carries risk of potential adverse events.  Depending on 
the series, incidences of major and minor complications widely vary.  Complications including neurologic 
events, approach related vascular injuries, wound infection, deep venous thrombosis, pseudoarthrosis, 
dural tear, and bone graft donor site pain among others ranged from 7.9- 46.4 percent (1, 3, 5, 6, 7, 8).  
Reoperation rates also widely varied ranging from 7.8 - 37.4 percent (1, 2, 3, 5, 8).  Mortality after lumbar 
fusion surgery in these series was 0 - 0.7 percent (1, 2, 3, 4, 5, 6, 7, 8). 
 
The existing literature demonstrates that both nonsurgical treatment and lumbar fusion surgery may 
improve function and pain for individuals with low back pain attributed to degenerative disc disease.  
While limited evidence suggests that lumbar fusion may result in better outcomes compared to 
nonoperative treatment for certain individuals, several systematic reviews have debated these 
conclusions (9, 10, 11).  In 2005, the American  Association of Neurological Surgeons and the Congress 
of Neurological Surgeons performed a joint systematic review and concluded that there is Class I 
evidence to support lumbar fusion for carefully selected patients with low back pain intractable to the best 
medical management (12).  They also found that Class III medical evidence suggests that nonsurgical 
treatment consisting of intensive cognitive and physical therapy may be an efficacious option for patients 
with chronic disabling low back pain.  Given these current systematic reviews, it is unlikely that the 
AHRQ's proposed re-assessment of the present literature will provide any further clarification of the 
comparative effectiveness of surgical and nonsurgical treatment of low back pain attributed to lumbar 
degenerative disc disease. 
 
2. For adults with low back pain attributed to degenerative (not congenital) stenosis of the 

lumbar spine, does spinal fusion differ from nonoperative treatment in the ability to improve:  
a. Patient-centered outcomes such as function, quality of life, or pain? 
b. Adverse events? 

Fusion is not recommended in patients operated upon for spinal stenosis in the absence of deformity 
(such as spondylolisthesis, scoliosis, or regional kyphosis) or instability (pre-existing or iatrogenic) (12).   
There is substantial evidence indicating that surgical intervention improves pain, function, and quality of 
life (44).  There is further evidence that these improvements are durable and cost effective.  The use of 
fusion in this population should be applied selectively to those patients with the above listed risk factors 
for progressive instability or deformity.  There are no non-operative measures demonstrated to improve 
long term outcomes in patients with neurogenic claudication due to lumbar stenosis (57, 58). 
 
The population of patients with low back covers rather extensive subgroups and diagnoses. As such, 
these patients are so heterogeneous that comparison of patient-centered outcomes (such as function, 
quality of life, adverse events, or pain) following spinal fusion versus non-operative management is an 
impractical task.  Several primary and secondary confounding issues, such as return to work, disability 
requirements, perception bias of type of treatment and also long term and short term goals of the patient, 
clinical practitioner and medical payer, further cloud the evaluation of effectiveness of both treatment 
arms considered above (13, 14).    
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Over the last few decades, an awareness of the above variety of factors and patient demographics have 
resulted in recent multiple studies trying to elucidate the effect of the two treatment arms discussed with 
regard to sub populations of adults and also timing of intervention (15, 16, 17). 
 
In designing questions related to patient outcomes, particularly in symptom and function  dependent 
conditions such as lumbar stenosis, specific questions, pertaining to specific subgroup of patients 
beyond age (e.g. adult versus pediatric), gender, and diagnosis type (e.g. congenital versus 
degenerative) need to be clarified.  It is impossible for current static low back pain classification systems 
geared toward short term outcomes accurately determine dynamic long term benefits (18, 19, 20). 
 
With regard to guidelines and policies that are government-sponsored, patient-centered outcome studies 
and recommendations, there is heterogeneity of both medical specialty society recommendations and 
also that of the medical payer policies due to variations in the literature and also transparency in the 
development of the policies (21). 
 
In formulating questions on patient-centered outcomes related to function, quality of life, pain or adverse 
events, due to the complexity of the subject, variation of beneficiaries and lack of effective long term 
data, it is important to have clearly identified subgroups and also quality studies across specialty/ society 
groups identifying specific outcomes to avoid erroneous generalizations. 
 
3. For adults with low back pain attributed to degenerative spondylolisthesis of the lumbar 

spine, does spinal fusion differ from nonoperative treatment in the ability to improve: 
a. Patient-centered outcomes such as function, quality of life, or pain? 
b. Adverse events? 

Several studies have compared fusion surgery to non-operative treatment for the indication of 
degenerative spondylolisthesis.  These studies have shown that for patients who suffer from low back 
pain due to degenerative spondylolisthesis, surgical intervention in the form of fusion surgery is more 
effective than non-operative treatment.   Weinstein et al showed in the SPORT trial that surgical 
intervention for the treatment of degenerative spondylolisthesis showed significant improvement in SF-36 
for bodily pain and physical function, as well as statistically significant improvement in the Oswestry 
Disability Index (29).  These improvements were maintained for a follow-up of four years.   
 
With regards to surgical complication rate, Sansur et al reviewed over 10,000 patients with degenerative 
and isthmic spondylolisthesis for complication incidence and factors associated with adverse events (28).  
The total rate of complications was 9.2 percent, and included dural tears, wound infections, hardware 
and implant complications, and neurological complications.  Factors that correlated with a higher 
complication rate included higher grade spondylolisthesis, and age > 65 years old.  Degenerative 
spondylolisthesis had a higher complication rate than isthmic spondylolisthesis (8.5 percent vs. 6.6 
percent, p=0.002).  These complication rates do not differ significantly from those in other series 
published in the literature (40, 41, 42, 43).  The complication rate for patients undergoing surgical 
intervention for degenerative spondylolisthesis, while obviously higher than the complication rate of non-
surgical treatment, are consistent with complication rates for spine surgery in general, and should not be 
a deterrent to pursuing surgical intervention, which provides longer term and more definitive treatment of 
back pain for degenerative spondylolisthesis. 
 
Lumbar fusion has been shown in multiple studies in the literature to be a more effective treatment for 
degenerative spondylolisthesis, and provides improvement in pain and disability that is superior to 
conservative therapy. 
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4. For adults with low back pain attributed to degenerative disc disease of the lumbar spine, 
does spinal fusion differ from other spinal procedures (e.g., total disc replacement, disc 
decompression) in the ability to improve:  
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

It is unclear from well executed randomized prospective trials that there is any difference between lumbar 
arthroplasty and lumbar fusion in operative treatment of patients with lumbar degenerative disc disease 
(DDD).  Approval of lumbar arthroplasty by the U.S. Food and Drug Administration was predicated upon 
establishing parity in clinical outcomes with the standard of care, lumbar fusion.  The FDA used the 
criterion of non-inferiority as the foundation for approving lumbar arthroplasty devices for widespread use 
(25).    
 
A prospective randomized comparative trial of lumbar arthroplasty versus lumbar fusion assigned 72 
adult DDD patients to posterolateral fusion (PLF) or posterior lumbar interbody fusion (PLIF) at 1-2 
levels.  Back pain and ODI scores decreased significantly at 2-years.  At 2-years, 76 percent of fusion 
patients were back to work part or full time and 67 percent were satisfied with their surgery (26).  A meta-
analysis performed by Bono and Lee reviewed all publications on non-revision fusion for lumbar DDD 
from during a 20 year period, encompassing over 2000 patients.  They report good or excellent clinical 
outcomes were achieved in over 70 percent of those treated (27).   
 
Disc decompression, dynamic stabilization, facet replacement and many other evolving technologies do 
not have substantial literature support to allow comment on the relative efficacy of these procedures 
compared to lumbar fusion.  
 
There are significant complications which may occur in patients undergoing lumbar spine fusions. 
Previous reports have not found a significant difference between arthroplasty and arthrodesis study 
cohorts.  Disc degeneration may occur in segments adjacent to fusions in the lumbar and cervical spine.  
It is unclear whether or not these areas of “juxtafusional” disease are caused by the neighboring fusion or 
if they represent the natural progression of the lumbar and cervical degenerative processes. 
 
These well designed and well executed studies have not demonstrated any differences in patient 
outcomes.  It seems unlikely that further investigations will be superior to these efforts.  Observational 
patient registries may be one means to answer these questions. 
 
5. For adults with low back pain attributed to degenerative stenosis of the lumbar spine, does 

spinal fusion differ from other spinal procedures (e.g., decompressive laminectomy and 
minimally invasive procedures, including those using devices) in the ability to improve:  
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

Degenerative stenosis has diverse etiologies, and for Key Question #5 we must assume that the 
question is restricted to patients without an underlying need for spinal fusion such as in patients with 
spinal deformity or spondylolisthesis.  Low back pain associated with degenerative stenosis without 
spinal instability or expected iatrogenic instability, such as in patients with spinal deformity or 
spondylolisthesis, does not alter the recommendations of decompressive laminectomy alone with 
targeted use of medial facetectomies and foraminotomies, with or without discectomy.  Decompressive 
laminectomy has been supported for superiority over non-operative therapy in degenerative stenosis by 
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studies such as the SPORT trial. This randomized, prospective trial indicated substantially greater 
improvement in pain and function through 4 years after decompressive surgery (44).  
 
The 2005 AANS/CNS guidelines on this topic noted that spinal fusion procedures are associated with 
improved outcomes in patients with pre-operative evidence of spinal instability (45).  Hopp and Tsou first 
introduced the impact of iatrogenic instability occurring during surgery due to extensive facetectomy 
necessary to achieve decompression in 1988 (46).  Subsequent reports have supported the concept (47, 
48).  Fox et al reported extensive decompression at more than one level without concomitant arthrodesis 
was associated with worse outcomes following decompressive laminectomy for lumbar degenerative 
spinal stenosis (48). The AANS/CNS Guidelines for Lumbar Fusion formally endorsed spinal fusion in 
addition to decompressive laminectomy under those circumstances of iatrogenic instability (45). 
 
Minimally invasive options for the treatment of lumbar degenerative stenosis have gained widespread 
use but its rapid evolution has made its evaluation a moving target.  There is extensive literature on the 
clinically utility of minimally invasive surgery as a safe and effective for the treatment of degenerative 
lumbar stenosis.  Studies have indicated that minimally invasive spine surgery and traditional open 
lumbar surgery have similar long-term patient outcomes in terms of pain and quality of life (52, 55, 56).  
Studies and meta-analyses on peri-operative factors have reported equivalence in complication rates for 
minimally invasive surgery, with minimally invasive surgery associated with a lower post-operative wound 
infection, less intra-operative blood loss, longer operative times, with overall no difference in long-term 
patient outcomes (50, 51, 52).  Fourney et al reported a systematic review in 2010 indicating no 
difference in adverse events (rates of reoperation, dural tear, cerebrospinal fluid leak, nerve injury, and 
infection) between minimally invasive lumbar decompression and open surgery, with or without fusion 
(49).  Two more recent literature review and cost analysis studies suggested lower infection rates (and 
lower associated costs) for minimally invasive surgery (53, 54).  
 
Laminectomy and other decompressive procedures are not generally performed for the treatment of axial 
low back pain.  These procedures are performed to treat claudication or radiculopathy, with lumbar 
fusions indicated if there is pre-operative or expected intra-operative iatrogenic spinal instability.   
 
6. For adults with low back pain attributed to spondylolisthesis of the lumbar spine, does spinal 

fusion differ from other spinal procedures (e.g., repair, vertebrectomy) in the ability to 
improve: 
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

The main treatment options for adult spondylolisthesis are decompression with fusion. Treatment of 
spondylolisthesis with fusion is the most common approach, and is the most clearly documented surgical 
option in the literature.   The largest series reported is from the Scoliosis Research Society, where they 
reported the results of 10,242 surgically treated cases of adult spondylolisthesis. Out of 10,242 patients, 
only 532 were treated without fusion (28).  Complications rates in patients undergoing fusion versus 
those undergoing decompression alone were not significantly different (28).  In the SPORT trial, the vast 
majority of patients in the surgical group (who had superior outcomes when compared to the non-
operative group) had fusions (29).  The reason why this disease is treated mostly through fusion is due to 
reported risks of deformity progression and chronic pain in patients treated without fusion.  Herkowitz 
demonstrated a high failure rate after decompression without fusion, and better outcomes with fusion 
(30).    Other studies also support fusion in the treatment of this disease over other surgical options (31, 
32). 
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Direct repair of the fractured pars interarticularis (spondylolysis) without fusing adjacent segments is a 
potential treatment option, but is limited to very minimal degrees of slip in younger patients who would 
have a better chance for bone formation along the fractured pars.  A few studies report direct repair of 
the fractured pars, but there are no well recognized studies comparing pars repair to fusion, as the 
circumstances under which one would actually be able to consider pars repair alone are rare (33, 34).   
As discussed in the question, vertebrectomy is mentioned as a possible surgical alternative.  
Vertebrectomy would be reserved for very rare and severe circumstances of spondylolisthesis from 
trauma or oncologic conditions.  Again due to the relative rarity of such situations, it cannot even be 
considered as a comparable treatment option in the routine patient with back pain and or leg symptoms 
from spondylolisthesis.    
 
Since fusion remains the dominant treatment of choice in this condition, and as it has repeatedly been 
shown that fusion has more optimal results than decompression alone, it may not be useful to check for 
differences in perioperative outcomes such as surgery time, blood loss, or length of hospital stay.  More 
long term outcomes, such as re-operation rates and long term quality of life measures have 
demonstrated that fusion is the superior treatment.  Other options such as direct repair of pars, and 
vertebrectomy are indicated in rare circumstances and hence are not to be considered as comparable 
entities. 
 
7. For adults with low back pain attributed to degenerative disc disease of the lumbar spine, do 

spinal fusion approaches (e.g., anterior, posterior, combined) and techniques (e.g., 
instrumentation or graft material) differ in the ability to improve:  
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

Clinicians understand that more involved procedures, such as combined anterior/posterior fusions, 
generally entail longer surgery, greater blood loss, and longer hospital stays.  They are usually 
employed, however, in selected patients who are thought, prospectively, to be at risk for a suboptimal 
outcome from an alternative procedure because of individual patient factors or particular aspects of the 
patient’s pathology.  Many of these important differences, such as osteoporosis, significant motion on 
flexion/extension radiographs, or segmental kyphosis, are not routinely identified and studied in directly 
comparative investigations.  On the contrary, most RCTs and other studies strive to achieve or to 
demonstrate complete balance between treatment cohorts and therefore treat differences between 
patients as potential sources of bias rather than as possible key indicators of the likely benefit of one 
technique over another.   
 
For example, in the treatment of spondylolisthesis, there are several fusion techniques commonly 
employed including non-instrumented fusion, posterior instrumentation with posterolateral fusion (PLF), 
posterior instrumentation with interbody fusion, or a combined anterior and posterior approach.  Each of 
these approaches has a role in the treatment of a heterogeneous patient population.  An elderly patient 
with a collapsed disc space and a relatively fixed deformity would likely do well with a non-instrumented 
fusion whereas a younger patient with a more mobile spine would be at high risk for failure of that fusion 
construct and would be better treated with a more aggressive approach.  The influence of spinal 
alignment, local anatomical features, osteoporosis, and patient demand (i.e. activity level and age) 
cannot be overstated.  Evidence to this point is provided by Soegaard et al who found that 
circumferential fusion (the most costly and morbid) was associated with significant benefits and cost 
savings compared to less aggressive techniques in a working population (Soegaard et al: Circumferential 
fusion is dominant over posterolateral fusion in a long term perspective.  Spine 32: 2405-2411, 2007). It 
is quite possible, indeed likely, that this benefit would not be apparent in an older patient population.  
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8. For adults with low back pain attributed to degenerative stenosis of the lumbar spine, do 

spinal fusion approaches (e.g., anterior, posterior, combined) and techniques (e.g., 
instrumentation or graft material) differ in the ability to improve:  
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

The response for Key Question #8 mirrors the discussion of Key Question #2.  There are diverse 
indications for fusion in the setting of stenosis, and the approach varies with the diverse pathology and 
involved patient population.  The use of fusion in the setting of stenosis is typically considered when 
instability is demonstrated pre-operatively or anticipated based on preoperative/intraoperative factors.  In 
these circumstances, lumbar fusion has been shown to be beneficial, with improved function, quality of 
life, and pain.  For symptomatic spinal stenosis with or without degenerative spondylolisthesis, a recent 
systematic review by Chou et al. found evidence that decompressive surgery is moderately superior to 
nonsurgical therapy through 1 to 2 years.  Surgery for radiculopathy in the setting of symptomatic spinal 
stenosis is associated with short-term benefits compared to nonsurgical therapy, though benefits 
diminish with long-term follow-up in some trials.  For nonradicular back pain with common degenerative 
changes, fusion is no more effective than intensive rehabilitation, but is associated with small to 
moderate benefits compared to standard nonsurgical therapy (10). 
 
As highlighted in other Key Question responses, spinal fusions of any nature can increase surgery time, 
blood loss, potential for adverse events, and length of hospital stay, in comparison with simple 
decompression.  It is understood by physicians that combined anterior-posterior fusion surgery will 
typically result in greater intraoperative time, blood loss, and length of hospital stay, and higher risk for 
adverse events – and that it is typically reserved for patients felt to be at risk for poor outcomes via a 
more limited approach (so as to improve functional or quality outcomes than would otherwise be 
expected).   The superiority of a particular approach (anterior, posterior, combined) or technique 
(instrumentation or graft material) has not been proven, as the factors involved in a surgeon’s decision 
are heterogeneous; options for approach are not always equal/competitive.  Surgical techniques and 
approaches are constantly being refined.  A study trying to prove superiority of one approach is doomed 
to limited relevance and will undoubtedly be an immense undertaking with likely equivocal outcomes. 
 
9.  For adults with low back pain attributed to spondylolisthesis of the lumbar spine, do spinal 

fusion approaches (e.g., anterior, posterior, combined) and techniques (e.g., instrumentation 
or graft material) differ in the ability to improve:  
a. Perioperative outcomes such as surgery time, blood loss, or length of hospital stay? 
b. Patient-centered outcomes such as function, quality of life, or pain? 
c. Adverse events? 

The question put forth by AHRQ regarding the relative efficacy of the various spinal fusion approaches to 
address low back pain in patients with spondylolisthesis is far too broad a question in the expansive 
diagnosis of spondylolisthesis to conclusively answer.  While examination of the various surgical 
approaches for a single diagnosis may seem at first glance appear to be a valid question for a 
homogeneous cohort, in reality spondylolisthesis is far from uniform.  This diagnosis has within it various 
subsets and anatomical considerations that make it a heterogeneous group and therefore difficult to 
study.   
 
For example, in the treatment of spondylolisthesis, several fusion techniques are commonly employed 
including non-instrumented fusion, posterior instrumentation with posterolateral fusion (PLF), posterior 
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instrumentation with interbody fusion, or a combined anterior and posterior approach.  Each of these 
approaches has a role in the treatment of a heterogeneous patient population.  An elderly patient with a 
collapsed disc space and a relatively fixed deformity would likely do well with a non-instrumented fusion 
whereas a younger patient with a more mobile spine would be at high risk for failure of that fusion 
construct and would be better treated with a more aggressive approach.  The influence of spinal 
alignment, local anatomical features, osteoporosis, and patient demand (i.e. activity level and age) 
cannot be overstated.  Evidence to this point is provided by Soegaard et al who found that 
circumferential fusion (the most costly and morbid) was associated with significant benefits and cost 
savings compared to less aggressive techniques in a working population (Soegaard et al: Circumferential 
fusion is dominant over posterolateral fusion in a long term perspective.  Spine 32: 2405-2411, 2007). It 
is quite possible, indeed likely, that this benefit would not be apparent in an older patient population.  
 
The largest and most expensive trial to date is the NIH funded Spine Patient Outcomes Research Trial 
(SPORT).   While this trial represents the most comprehensive study to date examining the 3 common 
fusion methods used in the treatment of degenerative spondylolisthesis, it was not specifically designed 
to evaluate the three fusion techniques of posterolateral in situ fusion, posterolateral fusion with pedicle 
screw fixation and 360º fusion (PLIF/TLIF, ALIF augmented with pedicle screw stabilization).  
Regardless, this trial represents the largest cohort of degenerative spondylolisthesis available for review.  
The preliminary SPORT data demonstrated that individuals with spinal stenosis and associated 
degenerative spondylolisthesis treated surgically had substantially greater improvement in pain and 
function during a period of 4 years than did patients treated nonoperatively (29, 35).  A subsequent 
evaluation of fusion methods within the same study attempted to examine the outcomes of 3 different 
fusion techniques: PLF, PPS and 360º fusion, but were unable to establish superiority of one approach 
over another.  This is not because the procedures are equivalent, it is because they were each applied in 
appropriate patient populations and were generally successful. 
 
With regards to the perioperative outcomes of surgery time and blood loss, times ranged from 157 to 274 
minutes, with PLF having the shortest operative time and 360º having the longest.  Mean blood loss 
ranged from 499 to 666 ml, again with PLF averaging the lowest and PPS averaging the highest.  The 
most common adverse event was a dural tear, which was highest for PPS (12%) followed by PLF (9%) 
and lowest in 360º (2%).  Incidentally, the rate of an inadvertent durotomy in this report seemed 
inordinately high.  By comparison, Williams and colleagues reported a durotomy rate of 1.9 percent in 
patients with spondylolisthesis in their review of 108,478 cases (36).  The postoperative transfusion rate 
in the SPORT study followed the same trend, PPS (26%), 360º (17%) and PLF (14%). 
 
With regards to patient centered outcomes, all three groups’ demonstrated significant improvement 
compared to baseline in various validated outcome measures (ODI, SF-36 BP and BF).  There was no 
significant difference between the groups at 4 years (37).  It is again important to emphasize that the 
SPORT study was not specifically designed to evaluate fusion techniques or to validate one form of 
fusion for the management of degenerative spondylolisthesis.  While prospective in design, there was no 
randomization and therefore the results may have been affected by selection bias.  Only a prospective 
randomized study designed and appropriately powered to evaluate these three fusion techniques in a 
narrow population with specific anatomical criteria has the capacity to determine which fusion method 
provides the greatest improvement in outcome measures and is the most cost effective treatment.  
However, the SPORT data has demonstrated the effectiveness if surgical treatment compared with 
nonsurgical treatment of degenerative spondylolisthesis. 
 
While there is a constellation of reports in the literature that explore some element of the various subsets 
of question 9, there is no comprehensive study that unequivocally answers this question and, for the 
various reasons listed above, we do not foresee such a study ever taking place.  What the literature has 
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unequivocally demonstrated is that surgeons have effectively used all three of these approaches to 
successfully treat patients with spondylolisthesis. 
 
10. Are there patient characteristics (e.g., pain severity, prior treatment) that are associated with 

better or worse outcomes after spinal fusion?  
a. Patient-centered outcomes such as function, quality of life, or pain 
b. Adverse events 

Some patient characteristics may have an effect on outcomes after spinal arthrodesis for lumbar 
degenerative disease.  However, to date, no study has determined definitive preoperative characteristics 
which may predict optimal or suboptimal outcomes from lumbar arthrodesis.  Several smaller studies and 
meta-analyses have reported preoperative parameters which may be included in the overall evaluation 
when considering a patient as a candidate for lumbar arthrodesis. 
 
For example, psychiatric comorbidities have been examined as a potential predictor of outcomes.  A 
recent meta-analysis evaluated outcomes from both nonsurgical and fusion treatments to examine the 
effect of psychiatric comorbidities on outcomes.   While there were few studies specifically addressing 
this question, those studies suggested that patient whose comorbidities include a personality disorder, 
depression, or neuroticism should preferentially be treated non-operatively (15).   Others have 
corroborated that the presence of depression may be an independent predictor of success for surgery 
(20).   However, as Daubs et al. report, the strength of their recommendation is weak. While there are no 
definitive studies that would preclude surgery as an option for patients with psychiatric comorbidities, the 
studies cited suggest that it should be evaluated during decision making.   
 
Other factors have been looked at as well, including preoperative health status, cardiac comorbidity, and 
work status among others.  Preoperative health status self-assessment appears to be the most robust, 
yet definitive criteria for predicting outcome have not been established (38).   Other factors such as 
radiographic findings have been explored as well.  In general, when findings such as spondylolisthesis 
are present, these have been reported to portend a better outcome (9).  
 
Overall, current literature does not support criteria or strong recommendations for excluding spinal 
arthrodesis due to specific preoperative patient characteristics (39). 
 
 
Conclusion 
 
We appreciate the opportunity to comment on the Key Question formulation regarding the AHRQ 
proposed research on the topic of “Spinal Fusion for Painful Lumbar Degenerative Disc or Joint 
Disease”.  The AANS and CNS developed clinical guidelines on this topic in 2005, and we are currently 
undergoing the process of updating these guidelines.  Based on our experience, we do not believe that 
another systematic review of these questions will yield useful information as there is a paucity of 
sufficient data and the quality of the studies is limited.  After reviewing the current literature in 
conjunction with the clinical expertise of our Neurosurgeon members, the AANS and CNS do not 
believe that this diminishes the benefit of this surgical treatment to our patients.   While we 
understand that these AHRQ research summaries are not clinical recommendations or guidelines, we 
remained concerned that this research proposal will involve a large effort with minimal and limited clinical 
relevance. 
 
Again, thank you for this opportunity to comment and we look forward to seeing your final position 
pertaining to this proposed research.  If you have any questions, please feel free to contact Joseph 
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Cheng, MD (joseph.cheng@vanderbilt.edu), AANS/CNS Committee for Payor and Policy Responses, or 
Koryn Rubin, the AANS/CNS Senior Manager for Quality Improvement.  
 

Sincerely, 
 
 
 
 
 

 
Paul C. McCormick, MD, MPH, President   Christopher E. Wolfla, MD, President 
American Association of Neurological Surgeons  Congress of Neurological Surgeons 
 
Staff Contact: 
Koryn Rubin 
Senior Manager, Quality Improvement 
American Association of Neurological Surgeons/ 
  Congress of Neurological Surgeons 
Washington Office 
725 15th Street, NW, Suite 500 
Washington, DC 20005 
Phone: 202-446-2030 
Fax: 202-628-5264 
E-mail: krubin@neurosurgery.org 
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March 17, 2014 
 
Health Care Authority   
626 8th Ave SE    
P.O. Box 42712   
Olympia, WA 98504-2712 
 
Attention: Christine Masters at shtap@hca.wa.gov 
 
Dear Members of the Washington State Health Care Authority: 
 
On behalf of the American Society for Metabolic and Bariatric Surgery (ASMBS), I am 
pleased to provide comments regarding the February 28, 2014 notice regarding 
proposed topics for review by the Washington State Health Care Authority’s (HCA) 
Health Technology Assessment (HTA) program. Our comments will focus on 
bariatric surgery for those affected by obesity. 
 
As you know, many public and private health plans provide coverage for bariatric 
surgery. For example, on the national level, the Medicare program began covering 
bariatric surgery in early 2006 based on its general coverage criteria that these 
services are “reasonable and necessary” for Medicare beneficiaries. Bariatric 
surgery is also covered by TRICARE and the Federal Employees Health Benefits 
Plan. On the state level, nearly every State Medicaid program (except for Montana 
and Ohio) provide coverage for bariatric surgery and over 75 percent of all active 
state public employees, such as those in Washington State, have access to coverage 
for bariatric surgery.  
 
For these reasons, we are somewhat concerned that the HCA has chosen to review 
the safety, efficacy and costs associated with bariatric surgery – especially given the 
mounting evidence, which speak favorably to each of the aforementioned criteria. As 
this evidence continues to grow regarding the benefits of metabolic surgery –even 
in lower body mass index (BMI) populations (between 30 and 34.9 kg/m2), payers 
are starting to take notice.  
 
For example, both the Hawaii Medical Service Association and the Cleveland Clinic 
Employee Health Plan provide coverage for metabolic surgery (Roux-en-Y gastric 
bypass) for those with a BMI of between 30 and 34.9 kg/m2 with type II diabetes. In 
addition, an October, 2012 assessment by the Blue Cross Blue Shield Association’s 
Technology Evaluation Center entitled, “Bariatric Surgery in Patients with Diabetes 
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and Body Mass Index Less than 35 kg/m2” found sufficient evidence supporting the 
use of gastric bypass for the treatment of type 2 diabetes in this population.  
  
Following are our specific comments regarding the safety, efficacy and cost-savings 
associated with bariatric surgery: 
 
 
SAFETY 
 
Data involving nearly 60,000 bariatric patients from ASMBS Bariatric Centers of 
Excellence database show that the risk of death within the 30 days following 
bariatric surgery averages 0.13 percent, or approximately one out of 1,000 patients. 
This rate is considerably less than most other operations, including gallbladder and 
hip replacement surgery. Therefore, in spite of the poor health status of bariatric 
patients prior to surgery, the chance of dying from the operation is exceptionally 
low. 
 
In addition, large studies find that the risk of death from any cause is considerably 
less for bariatric patients throughout time than for individuals affected by severe 
obesity who have never had the surgery. In fact, the data show up to an 89 percent 
reduction in mortality, as well as highly significant decreases in mortality rates due 
to specific diseases. Cancer mortality, for instance, is reduced by 60 percent for 
bariatric patients. Death in association with diabetes is reduced by more than 90 
percent and mortality from heart disease by more than 50 percent. Also, there are 
numerous studies that have found improvement or resolution of life-threatening 
obesity-related diseases following bariatric surgery. The benefits of bariatric 
surgery, with regard to mortality, far outweigh the risks. 
 
EFFICACY 
 
Bariatric surgery, such as gastric bypass, gastric sleeve, and laparoscopic adjustable 
gastric banding, work by changing the anatomy of the gastrointestinal tract 
(stomach and digestive system) or by causing different physiologic changes in the 
body that change an individual’s energy balance and fat metabolism. 
 
Severe obesity is one of the most serious stages of obesity. More than two decades 
ago, the National Institutes of Health (NIH) reported that individuals affected by 
severe obesity are resistant to maintaining weight loss achieved by conventional 
therapies, such as consuming fewer calories, increasing exercise, commercial 
weight-loss programs, etc.). The NIH recognized bariatric surgery as the only 
effective treatment to combat severe obesity and maintain weight loss in the long 
term. 
 
Bariatric surgery is associated with massive weight-loss and improves, or even 
resolves, obesity-related co-morbidities for the majority of patients. These co-
morbidities include high blood pressure, sleep apnea, asthma and other obesity-
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related breathing disorders, arthritis, lipid (cholesterol) abnormalities, 
gastroesophageal reflux disease, fatty liver disease, venous stasis, urinary stress 
incontinence, pseudotumor cerebri, and more. 
 
Bariatric surgery also leads to improvement and remission of Type II diabetes 
mellitus (T2DM). In the past, diabetes was considered to be a progressive and 
incurable disease. Treatments include weight loss and lifestyle changes for those 
who are overweight or obese and anti-diabetic medication, including insulin. These 
treatments help to control T2DM but rarely cause remission of the disease.  
 
However, there is now a large body of scientific evidence showing remission of 
T2DM following bariatric surgery. A large review of 621 studies involving 135,247 
patients found that bariatric surgery causes improvement of diabetes in more than 
85 percent of the diabetic population and remission of the disease in 78 percent. 
In addition to improvements in health and longevity, surgical weight-loss improves 
overall quality of life. Measures of quality of life that are positively affected by 
bariatric surgery include physical functions such as mobility, self-esteem, work, 
social interactions, and sexual function. Singlehood is significantly reduced, as is 
unemployment and disability. Furthermore, depression and anxiety are significantly 
reduced following bariatric surgery. 
 
COST SAVINGS ASSOCIATED WITH BARIATRIC SURGERY 
 
From a cost-benefit analysis perspective, with the dramatic decline in co-morbid 
conditions, bariatric surgery has an average return on investment at approximately 
24 months for laparoscopic procedures. It has also been determined that post-
operative medication expenses for hypertension and diabetes medication drop by 
77.3 percent. 
 
In other health outcomes research studies, it has been determined that employer 
sponsored health insurers recoup their costs for bariatric surgery in two years 
when the procedure is performed as a laparoscopic surgery. This analysis not only 
included the surgery cost, but also the pre-surgical evaluation process, and five 
years post-bariatric surgery. This study was impactful because actual health 
insurance medical claims data were utilized – providing for a more reliable 
determination of real costs. 
 
EXAMING METABOLIC SURGERY IMPACT ON TYPE 2 DIABETES 
 
Finally, the ASMBS would like to offer the following Clinical Practice Guidelines and 
consensus statements that speak favorably about metabolic surgery’s profound 
impact on patients with type 2 diabetes and a BMI < 35 kg/m2: 
 
Clinical Practice Guidelines  
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 American Association of Clinical Endocrinologists, the Obesity Society, 
American Society for Metabolic and Bariatric Surgery (ASMBS): Clinical 
Practice Guidelines for the Perioperative Nutritional, Metabolic, and 
Nonsurgical Support of the Bariatric Surgery Patient– 2013 Update. 2013. This 
guideline states “patients with BMI of 30-34.9 kg/m2 with diabetes or 
metabolic syndrome may also be offered a bariatric procedure, although 
current evidence is limited by the number of subjects studied and lack of 
long-term data demonstrating net benefit.” 

 
 International Diabetes Federation: Bariatric Surgical and Procedural 

Interventions in the Treatment of Obese Patients with T2DM. 2011. This 
position statement states that “surgery should be considered as an 
alternative treatment option in patients with a BMI between 30 and 35 when 
diabetes cannot be adequately controlled by optimal medical regimen, 
especially in the presence of other major cardiovascular disease risk factors.” 

 
 ADA: Standards of Medical Care in Diabetes. 2011. In this position statement, 

ADA recommends that “although small trials have shown glycemic benefit of 
bariatric surgery in patients with T2DM and BMI 30-35, there is currently 
insufficient evidence to generally recommend surgery in patients with BMI 
<35 outside of a research protocol.” 

 
 American Heart Association: Bariatric Surgery and Cardiovascular Risk 

Factors: A Scientific Statement From the American Heart Association. 2011. In 
this document, the authors examine metabolic surgery for patients with BMI 
30 to 35 kg/m2 because of the poor results of nonoperative weight loss 
regimens, and they suggest that additional long-term data are needed before 
surgery for this group of patients becomes standard practice. The statement 
concludes, “at the moment, bariatric surgery should be reserved for patients 
who have severe obesity in whom efforts at medical therapy have failed and 
an acceptable operative risk is present.” 

 
 International Federation for the Surgery of Obesity (IFSO), Asian Pacific 

Chapter (APC): IFSO-APC Consensus Statements 2011. This statement 
indicates that metabolic surgery “should be considered for the treatment of 
T2DM or metabolic syndrome for patients who are inadequately controlled 
by lifestyle alterations and medical treatment for acceptable Asian 
candidates with BMI ≥30.” It also indicates that metabolic surgery “may be 
considered as a non-primary alternative to treat inadequately controlled 
T2DM, or metabolic syndrome, for suitable Asian candidates with BMI 
≥27.5.” 

 
 Diabetes Surgery Summit (DSS): The DSS Consensus Position Statement 

Recommendations for the Evaluation and Use of Gastrointestinal Surgery to 
Treat T2DM. 2010. The position statement concludes that “there was strong 
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consensus that adopting the strictly BMI based criteria for metabolic surgery 
would be inadequate to select candidates for diabetes surgery.” The 
document further states that DSS recognizes value for metabolic surgery in 
“carefully selected, moderately obese patients (BMI 30-35) who are 
inadequately controlled by conventional medical and behavioral therapies.” 

 
 Society of American Gastrointestinal and Endoscopic Surgeons: Guidelines for 

Clinical Application of Laparoscopic Bariatric Surgery. 2008. This document 
provides guidance for surgical treatment of obesity, patient selection, 
surgical procedure selection, programs, and preoperative preparation. The 
document also provides specific guidance for the different laparoscopic 
surgical procedures. The guidance document states that “individuals with 
BMI 30-35 kg/m2 may benefit from laparoscopic bariatric surgery.” 

 
In summary, ASMBS strongly supports continued coverage of bariatric surgery for 
Washington State employees and is hopeful that the HCA will examine the growing 
evidence surrounding the benefits of metabolic surgery for those with a BMI 
between 30 and 34.9 kg/m2.  
 
Should you have any questions or need additional information, please feel free to 
contact either me, or ASMBS Washington Policy Consultant Christopher Gallagher at 
571-235-6475 or via email at chris@potomaccurrents.com. Thank you. 
 
 
Sincerely,  
 

 
Ninh Nguyen, MD, FACS, FASMBS 
President, American Society for Metabolic and Bariatric Surgery 
 

 
 
Brian Sung, MD, FASMBS 
Swedish Weight Loss Services 
Seattle, Washington 
 

 
 
Judy Chen, MD, FASMBS 
Swedish Weight Loss Services 
Seattle, Washington 
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